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APPENDIX 4

o	 Laboratory Test Results
Solar Ponds 207-A and 207-B North
Interceptor Trench Pump House
Buffer Zone
April and May 1986

o	 Sludge and Pond-crete
Volatile Organics Analysis
Pond 207-A
February 1988

o 207-B Solar Pond
North and Center
Quarterly Metals Analysis
August 14, 1987'
Lab No. E87-3918

o 207-B Solar Pond
North and Center
Quarterly Metals Analysis
November 30, 1987
Lab No. E87-4254

o	 207-A and 207-C Solar Pond
Quarterly Analysis Results (Liquids)
March 1987 to March 1988

o	 207-B Solar Pond
Weekly Analysis Results
October 1987 to June 1988
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APPENDIX 4

LABORATORY TEST RESULTS
SOLAR PONDS 207-A AND 207-B NORTH

INTERCEPTOR TRENCH PUMP HOUSE
BUFFER ZONE

APRIL AND MAY 1986
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TABLE 4-I

SUMMARY OF RADIOCHEMICAL ANALYSES
APRIL AND MAY 1986

COMPOUND

Gross Alpha

Gross Beta

Plutonium-239

Americium-241

POND 207-A
LIQUID

—_(pCi/L)-

46 , 000±4,000 to
80,000±6,000

35,000±2,000 to
40,000±2,000

56+16 to
660±50

ND to
45±14

POND 207-A
SLUDGE
(pCi/g)

4 , 70 0±200 to
14,000±1,000

160+20 to
1,400±100

1 , 0 00±100 to
3,700±100

1 ,400±200 to
4,400±100

POND 207-B
NORTH
LIQUID
(pCi/L)

74±58 to
120+50

56±32 to
100±92

ND(a)

ND

Uranium-233+234 14,000±1,000 to 	 71±10 to	 50±2 to
20,000±1 , 000	 570±30	 53±2

Uranium-238	 21,000+1,000 to	 130+10	 31+1 to
28,000+1,000	 480+30	 33+1

Tritium	 240±180 to	 1,300±500(b) to 1 , 2 00±300 to
930±260	 12,000±1,000	 1,300±300

(a) ND indicates levels below the detection error limits.
(b) Units for tritium in sludge = pCi/i

0
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TABLE 4-11

SUMMARY OF METALS AND PHENOLS TESTING
APRIL AND MAY 1986

POND 207-A
LIQUID

_Jug/ L)

2,310-2,640
150
ND
27-43
70-150
ND

13,700-16,700
200-500

1,610-1,800
1,500-8,000

ND
ND

95-115
ND-0.2

1,900-2,000
13,200,000-
14, 300,000

ND
310-370

36,300,000-
42,900,000
7,000-13,000

100-210
620-780
13-35

POND 207-A
SLUDGE
(mg/kg)

11,000-11,900
ND
ND

309-1,570
1,110-10,500
19,600-50,000

1,010-19,700
ND

425-1,590
3,590-6,900

65-455
6,110-21,000
153-595
7.5-25
124-1,320

50,000-65,300

ND
153-237

130,000-
166,000

ND
ND

227-595
ND-3. 3

POND 207-B
NORTH
LIQUID
(ug/ L)

ND(a)
ND

ND-220
ND
ND

176,000-
198,000
ND
ND
ND
ND
ND

66,400-72,600
ND-15
ND

ND-SO
56,100-62,700

9
ND

363,000-
451,000

ND
ND

ND-22
3-46

COMPOUND

Aluminum
Arsenic
Barium
Beryllium
Cadmium
Calcium

Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium

Selenium
Silver
Sodium

Tin
Vanadium
Zinc
Phenols

(a) ND indicates compound not detected above the detection
limit.

0
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INTRODUCTION

The results presented herein are for samples from Ponds 207-

A and 207-B North, the interceptor trench pump house and the

buffer zone collected in April and May 1986 and resampling

of the interceptor trench pump house in August 1986.

The samples are generally designated by a three character

code. The last character designates the analytical sample

code as shown in Table A. The remaining portion of the

codes are as follows:

Liquids

S

Pond 207-A liquid is designated by a prefix of 207A and a

two character code. The first character is, A, B or C,

indicates the location, north, center or south,

respectively, that the sample was taken along the west side

of the pond. The meaning of the second character is shown

in Table A.

Pond 207-B North liquid is designed by a prefix 2073 and a

two character code. The first character of the code is the

same as described for the Pond 207-A liquid samples. The

meaning of the second character is shown in Table A.

1
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TABLE A

ANALYTICAL SAMPLE CODE

Sample
Type

Water

Code	 Designation

1	 Volatiles

2	 Semi-Volatjles

3	 Metals

4	 Cyanide

5	 Phenolics

6	 RCPA Waste Characterization

7	 Radiochemistry

8	 Tritium

1	 Volatjles

2	 Semi-Volatiles

3	 Metals and Cyanide

4	 RCRA Waste Characteristics

5	 Radiochemistry

S
Soil/Sediment

2
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For samples from the interceptor trench pump house, the

first character, L, indicates a liquid sample. The liquid

was sampled in triplicate, A,B or C, designated by the

second character. A second character of 0 (zero) indicates

a field blank sample. In the resampling, the sample code

has a prefix of ITPH.

Soils and Sediment

Sediment from Pond 207-A is designated with a 207-A prefix

and three character code. The first character, S, indicates

a sediment sample. The second character, A, B or C,

indicates the location, north, center or south,

respectively, that the sample was taken along the west side

of the pond. The meaning of the third character is shown in

Table A.

For samples from the interceptor trench pump house, the

first characters, s, indicates a sediment samol. Th

second character, A or B, indicates the initial or duplicate

sample, respectively. In the resampling, the sample code

has a prefix of ITPH. The meaning of the third character is

shown in Table A.

0
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Samples from the buffer zone are designated by a three

character code. The first character of the code indicates

the composite sample number, 1, 2 or 3. The second

character, A, B or C, indicates the sample depth. A surface

scrape is designated by A, a sample from 0 to 6 inches by B

and a sample from 6 to 12 inches by C.

r

S
4



1000U
1000U
100 OU
100 OU

50 OU
*260J

500U
500U
500U
50 CU
500U
500U

10 0 CU
50 OU
500U

1000U
50 CU
500U
500U
50 CU
50 OU
500U
50 OU
500U

1000U
500U

:000u
:000u

50 OU
50 CU
50 OIJ
500U
50 OU
50 OU
50 OU

lo0U	 NA
10 CU
10 CU
10 OU

50U
*lOQJ

50U
50U
50U
50U
50U
50U

100U
50U
50U

100U
5CU
50U
50U
50U
50U
50U
50U
50U

100U
50U

i00U
100U

50U
50U
50U
50U
50U
50U
50U

Solar Pond 207A liquor

VOLATILE COMPOUNDS

Sample Numbers

Compound	 ug/l	 Al	 Bi	 Cl

.

Chl orornethane
Brornornethane
Vinyl Chloride
Chioroethane
Methylene Chloride
Acetone—
Carbon Disulfide
1,1 Dichioroethene
1,1 Dichioroethane

,Trans-1,2- Dichioroethene
Chloroform
1,2 Dichioroethane
2 -Butanone
1,1, l-Trjchloroethane
Carbon Tetrachloride
Vinyl Acetate
Bromodjchl orornethane
1,2 Dichioropropane
Trans-1,3-Dichioropropene
Trichicroethene
Dibrolnochioromethane
1, 1, 2 -Trjchloroethane
Benzene
C Is-i, 3-Dichloropropene

-2-Chloroethylvjnylether
Bromoform
4-Methyl -2 -Pent anone
2 -Hexarione
Tetrachioroethene
1, 1, 2, 2-Tetrachioroethane
Toluene
Chlorobenzene
Ethyibenzene
Styrene

Total Xylenes

Iwo U - indicates that compound was analyzed for but not detected.
The number associated with the letter U is the minimum detection
limit attainable for the sample.

J - indicates an estimated value.

L
1



Solar Pond 207A Sediments
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VOLATILE COMPOUNDS

Sample Number
Compound	 ug/Xg	 SAl	 SB1	 SC1

Chioromethane
Brornomethane
Vinyl Chloride
Chloroethane
Methylefte Chloride
Acetone

' -Carbon Disulfide
1,1 Dichioroethene
1,1 Dichioroethane
Trans-1,2- Dichioroethene
Chloroform
1,2 Dichioroethane
2 -Butanone
1, 1, 1-Trichioroethane
Carbon Tetrachloride
Vinyl Acetate
Bromodichioromethane
1,2 Dichioropropane

•

Trans-1,3-Dichloropropene
Trichioroethene
Dibrornochloromethane
1, 1, 2-Trichioroethane
Benzene
C is-i, 3-Dichloropropene
2 -Chloroethylvinylether
Brornoforru
4 -Methyl-2-pertanone
2-:-exanone
Tetrachioroethene
1,1,2, 2-Tetrachioroethane
Toluene
Chlorobenzene
Ethylbenzene
Styrene
Total Xylenes

36000
3 600U
3 60 CU
36000
1800U
4680

18 0 CU
18000
1SOOU
18000
18000
18000
26000
18000
18000
36000
18000
1800U
18000
18000
1800U
18000
18000
18000
36000
18 0 CU
36000
36000
18000
18000
18000
18000
18000
18000
18000

	

360	 40000

	

36U	 40000

	

360	 4000U

	

360	 40000

	

180	 20000

	

* 5JB	 * 1600JB

	

180	 20000

	

18U	 20000
20000

	

180	 2000U

	

1BU	 2000U

	

180	 20000
4 00 00

	

180	 20000

	

180	 2000U

	

360	 4000U

	

18U	 2000U

	

180	 2000U

	

180	 2 00 CU

	

180	 20000

	

180	 20000

	

180	 20000

	

180	 20000

	

18U	 20000

	

360	 4000U

	

180	 20000

	

360	 40000

	

360	 40000

	

*200B	 *1200JB

	

180	 20000

	

180	 20000

	

18U	 20000

	

180	 20000

	

180	 20000

	

180	 20000
U - indicates compound
number associated with
detection limit for the

was analyzed for but not detected. The
the letter U is the minimum attainable

sample.

J - indicates an estimated value.
B - analyte was found in blank as well as the sample; indicates
possible blank contamination.

1



lou
iou
iou
lou

*19B
lou

5U
5U
5U
5U
5U
5U

iou
5U
5U

IOU
5U
5U
5U
5U
5U
5U
5U
5U

lou
5U

iOU
lou

5U
5U
5U
5U
5U
5U
5U

IOU
lou
IOU
lou

*71B
lou

5U
5U
5U
5U
5U
5U

*20
5u
5U

lou
5U
5U
5U
5U
5U
5U
5U
5U

lou
5U

lou
lou

5U
5U
5U
5U
5U
5U
5tJ

Solar Pond 207B liquor

S	 VOLATILE COMPOUNDS

Sample Numbers

Compound	 ug/l	 Al	 Bi	 Cl	 01

S

Chl croinetharie
Brornomethane
Vinyl Chloride
Chioroethane
Methylene Chloride
Acetone
Carbon Disulfide
1,1 Dichioroetherie
1,1 Dichioroethane
Trans-1,2- Dichioroethene
Chloroform
1,2 Dichioroethane
2 -Eutarione
1, 1, 1-Trichioroethane
Carbon Tetrachloride
Vinyl Acetate
Brolnodjchloromethane
1,2 Dichioropropane
Trans-1,3-Dichioropropene
Trichioroethene
Dibromochioromethane
1, 1, 2-Trichioroethane
Benzene
cis-1, 3-Dichloropropee
2 -Chloroethylvjnylether
Bromoform
4 -Methy1-2-Pentanore
2 -Hexanone
Tetrachioroethene
1, 1, 2, 2-Tetrachioroethane
Toluene
Chlorobenzene
Ethylbenzene
Styrene
Total Xylenes

lou
iou
lou
lou

*28B
lou

5U
5U

5u
5U
5u

iou
5U
5U

lou
5U
5U
5U
5U
5U
5U
5U
5u

lou
5U

10 T-7

lou

5U
5U
5U
5U
5U
5U
5U

lou
lou
IOU
iou

*35B
lou

5U
5U
5U
5U
SU
5U

1 O
5U
5U

iou
5U
5U
5U
5U
5U
5U
5U
5U

iou
5U

iou
I 0U

5u
5U
5U
5U
5tJ
5U
5U

U - Indicates compound was analyzed for but not detected. The
number associated with the letter U is the minimum attainable
detection limit for the sample.

B - Analyte was found in the blank as well as the sample;
indicates possible blank contamination.

S
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iou
iou
iou
iou
*3 BJ
lou
su
5U
5U
5U

*33
5U

lou
5U

*7
lou

5U
5U
5U

*7
5U
5U

*iJ
5U

lou
5U

IOU
lou

5U
5U
5U
5U
5U
5U
5U

iou
iou
IOU
iou

*lOB
IOU

SU
5U
su
5U

*6
5U

iou
5U

*6
iou

5U
5U
5U

*81A
5U
5U
5U
5U

lou
5U

iou
iou

5U
5u
5U
5U
5U
5U
5u

lou
iou
lou
lou

*i4B
iou

5U
5U
5U
5U
5u
5u

lou
5U

*7
lou

5U
5U
5U

*8
su
5U
SU

iou

lou
lou

5U
5U
5U
5U
5U
5U
5U

interceptor Trench Pump House Water

S	 VOLATILE COMPOUNDS

Sample Numbers

Compound	 ug/l	 LAl	 LB1	 LC1	 LOl

Chiorornethane
Broinometharie
Vinyl Chloride
Chioroethane
Methylene Chloride
Acetone
Carbon Disulfide
1,1 Dichioroethene
1,1 Dichioroethane
Trans-1,2- Dichioroethene
ChlorofTh
17r2- Di-chiroethane
2 -Eutanone
1, 1, 1-Trichloroethane
Carbon Tetrach1 or- aeTh
inyiThcetate

Broxnodjchloroinethane
1,2 Dichioropropane

• Trans-1,1-Dichioropropene
Trichloroetherie
Dibromochioromethane
1, 1, 2-Trichioroethane
Benzene
C is-i, 3-Dichioropropene
2-Chioroethylvinylether
Bromoforn
4 -Methyl-2 -Pent anone
2 -Hexanone
Tetrachioroethene
1, 1, 2, 2-Tetrachioroethane
Toluene
Chlorobenzene
Ethylbenz ene
Styrene
Total Xylenes

lou
iou
lou
lou

*99B
iou

5U
5U
5U
5U
33
5U

*110
5U
5U

iou
5U
5U
5U
5U
5U
su
5U
5U

iou
5U

IOU
iou

5U
5U
5U
5U
5U
5U
5U

.

U - Indicates compound was analyzed for but not detected. The
number associated with the letter U is the minimum attainable
detection limit for the sample.

J - Indicates an estimated value.

B - Analyte was found in blank as well as the sample indicating
possible blank contamination.

1



Interceptor Trench Pump House Sediments

S VOLATILE COMPOUNDS

Sample Numbers

Compound	 ug/Kg	 SAl	 SB1

Ch 1 orornethane
Bromornethane
Vinyl Chloride
Chioroethane
Methy-lene Chloride

-cetone
Carbon Disulfide
1,1 Dichioroethene
1,1 Dichioroethane
Trans-1,2- Dichioroetherie
Chloroform
I , 2 Dichioroethane
2-But anone
1, 1, 1-Trichloroethane
Carbon Tetrachloride
Vinyl Acetate
Brornodjchloromethane
1,2 Dichioropropane
Trans-1,3-Dichloropropene

.
Trichioroethene
Dibroinochloromethane
1, 1,2-Trichioroethane
Benzene
cis-1, 3-Dichloropropene
2 -Chioroethylvinylether
Bromoforin
4 -Methyl-2-pentanone
2 -Hexanone
Tetrachioroethene
1, 1, 2 , 2-Tetrachioroethane
Toluene
Chlorobenzene
Ethyibenzene
Styrene
Total Xylenes

17U
17U
l7U
17U

*44B
*23

*3 BJ
8U
6U
8U
8U
8U

17U
8U
8U

17U
BU
8U
8U
3J
8U
8U
8U
8U

17U
8U

17U
17U

8U
8U
8U
8U
8U
8U
8U

16U
16U
16U
16U

*27B
*47

*5JB
8U
8U
8U
8U
8U

16U
8U
8U

16U
8U
8U
SU

*2J
8U
8U
8U
8U

16U
8U

16U
16U

8U
8U

*7J
8U
8U
8U
8U

U - Indicates compound was analyzed for but not detected. The
-	 number associated with the letter U is the minimum detection

limit attainable for the sample.

J - Indicates as estimated value.

B - Analyte was found in the blank as well as the sample
indicating possible blank contamination.

1
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iou
lOLl
iou
iou

5U
lou

5U
5U
5U
5U
5U
5U

lou
5U
5U

lou
5U
5U
5U
5U
5U
5U
su
5U

iou
5U

lou
iou

5U
5u

*iJB
51J
5U
5U
5U

13U
13U
13U
13U

*46B
13U
*3 BJ

6U
6U
6U
6U
6U

l3U
6U
6U

13U
6U
6U
6U
6U
6U
6U
6U
6U

13U
6U

l3U
13U

6U
6tJ
6U
6U
6U
6t3
6U

14U
14U
14U
14U

*393
*130

*3 BJ
7U
7U
7U
7U
7U

*61
7U
7U

l4tJ
7U
7U
7U
7U
7U
7U
7U
7U

l4U
7U

14U
14U

7U
7tJ

*3J
7tJ
7U
7U
7U

Buffer Zone Soils

VOLATILE COMPOUNDS

Composite 1 - Sample Numbers

surface scrape	 0-6"	 6-12"Compound	 ug/Kg	 lA].	 1B1	 1C1

Chi orornethane
Bromornethane
Vinyl Chloride
Chioroethane
Methylene Chloride •-,
Acetone__.-
Cafj5	 Disulfide
1,1 Dichioroethene
1,1 Dichioroethane
Trans-1,2- Dichloroethene
Chloroform
1,2 Dichioroethane
2- Butanorie
1, 1, l-Trjchloroethane
Carbon Tetrachloride
Vinyl Acetate
Brornodjchloroethane

•

1,2 Dichioropropane
Trans-1,3-Dichioropropene
Trjchloroethene
Dibrornochioromethane
1, 1, 2-Trichioroethane
Benzene
cis-1, 3-Dichioroproperie
2 -Chlcroethylviriyiether
Bror.of or-rn
4 -Methyl-2-pentanone
2 -Hexanone
Tetrachioroethene
1, 1, 2, 2-Tetrachioroethane
Toluene
Chlorobenz ene
Ethylbenzerie
Styrene
Total Xylenes

U - Indicates compound was analyzed for but not detected." The
number associated with the letter U is the minimum attainable
detection limit for the sample.

J - Indicates an estimated value.

•

B - Analyte was found in blank as well as the sample indicating
possible blank contamination.

1



Buffer Zone Soils
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VOLATILE COMPOUNDS

Composite 2 - Sample Numbers

surface scrape	 0-6"	 6-12"
Compound	 ug/Kg	 2A1	 2B1	 2C1

.

Chioroinethane
Bromornethane
Vinyl Chloride
Chioroethane
Methylene Chloride
Acetone
Carbon Disulfide
1,1 Dichioroethene
1,1 Dichioroethane
Trans-1,2- Dichioroethene
Chloroform
1,2 Dichioroethane
2 -Butanone
1, 1, l-Trjchloroethane
Carbon Tetrachloride
Vinyl Acetate
Bromodjchloromethane
1,2 Dichioropropane
Trans-1,3 -Dichioropropene
Trichioroethene
Dibroinochioromethane
1, 1, 2-Trichioroethane
Benzene
cis-1, 3-Dichioropropene
2 -Chloroethylviriyl ether
Eroroform
4 -Methyl-2 -Pentanone
2 -Hexanone
Tetrachi oroethene
1, 1, 2, 2-Tetrachioroethane
Toluene
Chlorobenzene
Ethylbenzene
Styrene
Total Xylenes

lou
lou
lou
1013

513
*1OB

513
5U
5U
513
513
5U

lou
513
513

lou
513
513
513
513
513
5u
5U
513

lou
513

lou
lou

51.1
513

*1JB
513
5U
513
513

13U
1313
1313
13U

*32B
13U
*2 BJ

613
613
613
613
613

13U
613
613

1313
613
613
6U
613
613
613
613
613

13U
613

1313
1313

613
613
613
6U
613
613
613

NA

U - Indicates compound was analyzed for but not detected. The
number associated with the letter U is the minimum attainable
detection limit for the sample.

J - Indicates an estimated value.

B - Analyte was found in blank as well as the sample indicating
possible blank contamination.

1



lou
lOU
lou
lou

5U
*1OB

5U
5U
5U
5U

SU
lou

51.1
5U

lou
5U
st-I
5U
5U
5U
5U
5U
5U

1 C
5U

lou
lou

5U
5U

*1JB
5U
5U
5U
51J

13U
13U
13U
13U

*32B
13U
*2 BJ

7U
7U
7U
7U

*20
7U
7U

13U
7U
7U
7U
7U
7U
7U
7U
7U

13U
7U

1JU
flu

7U
7U
7U
7U
7U
7U
7U

13U
13U
l3U
l3U

*28B
*71

6U
6U
6U
6U
6U
6U

*26
6U
6U

13U
61.7
6U
6U
6U
6tJ
6U
6tJ
6U

13U
6U

13U
13U

6U
6U
6U
6U
6U
6U
6U

Buffer Zone Soils

.
VOLATILE COMPOUNDS

composite 3 - Sample Numbers

surface scrape	 0-6"	 6-12"Compound	 ug/Kg	 3A1	 3B1	 3C1
Ch 1 oromethane
Bromomethane
Vinyl Chloride
Chi oroethane
Methylene Chloride
Acetone
Carbon Disulfide
1,1 Dichioroethene
1,1 Dichioroethane
Trans-1,2- Dichioroethene
Chloroform
1,2 Dichioroethane
2-Butanone
1, 1, l-Trjchloroethane
Carbon Tetrachloride
Vinyl Acetate
Brornodjchloromethane
1,2 Dichioropropane

.
Trans-1,3-Dichloropropene
Trichioroethene
Dibrolnochioroinethane
1, 1, 2-Trichioroethane
Benzene
cis-1, 3-Dichioropropene
2 -Chioroethylvinylether
Bromofotm
4-Methyl -2 -Pentanone
2 -Hexanone
Tetrachloroethene
1, 1, 2 , 2-Tetrachioroethane
Toluene
Chlorobenzene
Ethylbenzene
Styrene
Total Xylenes

U - Indicates compound was analyzed for but not detected. The
number associated with the letter U is the minimum attainable
detection limit for the sample.

J - Indicates an estimated value.

B - Analyte was found in blank as well as the sample indicatingpossible blank contamination.



AAccu-Labs Research, Inc.
1 .1S5 W 49th Avenue Wheit Ridj. Colorado S0033

(303) 423-2766 	--	 -

July 16, 1986
Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21884-6
Date Samples Rec'd 5-7-86
Project 2029-13-03-01

REPORT OF ANALYSIS

9299-21884-6-5
207A-B7

Solar Pond
Depth	 4"
5-7-86

80000 ± 6000

40000 ± 2000

660 ± 50

45 ± 14

14000 ± 1000

21000 ± 1000

ALR Designation
Sponsor Designation

Determination: pCi/L

Gross Alpha,
± counting error*

cross Beta,
± counting error*

Plutonium-239,
± counting error*

Americium-241,
± counting error*

Uranium-233 + 234,
± countinc error*

Urani urn-233,
± counting error*

Tritium,
± counting error*

9299-21884-6-6
207A-B8

Solar Pond
Depth zz 4"
5-7-86

930 ± 260

*Variability of the radioactive disintegration process (counting error)
at the 95 confidence level, 1.96c.

Bud Summers
Radiochemistry

BS/dh
	

Supervisor

.



Accu-Labs Research, Inc.
/I 14S5 'V 44-9th Aentic Wheat Ridq... CIr.d 	 O)
Z1.

	

303) 4232766

July 17, 1986

is	
Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21856-6
Date Samples Rec'd 5-1-86
Project 2029-13-03-01

46000 ± 4000

37000 ± 2000

84 ± 16

-2.2 ± 3.6

17000 ± 1000

22000 ± 1000

ALR Designation
Sponsor Designation

Determination: pCi/L

Gross Alpha, dissolved,
± counting error*

40	 Gross Beta, dissolved,± counting error*
Plutonium-239, dissolved,
± counting error*

Americium-241, dissolved,
± counting error*
Uranium-233 + 234,
dissolved,
± counting error*
Uranium-238, dissolved,
± counting error*

Tritium, total,
± counting error*

9299-21856-6-6
207A-A8

Solar Pond
Northwest
5-1-86

610 ± 270

REPORT OF ANALYSIS

9299-21856-6-5
207A-A7

Solar Pond
Northwest
5-1-86

*Variability of the radioactive disintegration process (counting error)
at the 95% confidence level, 1.96c.

/

Bud Summers
Radiochemistry

BS/dh
	

Supervisor



929 9-2 18 70-8-7
207 A-SA9

Solar Pond
NW Corner
5-5-86

9299-2 18 70-8-8
207A-SA1O
Solar Pond
NW Corner
5-5-86

zi
4kccu-Labs Research, Inc.

11485 W. 481h Avnut' Wheat Rid je, CIor.lu 80033
(30:1),123-2766

July 17, 1986
Page 1 of 1

n .

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, Co 80215

RE: 9299-21870-8
Date Samples Recd 5-6-86
Project No. 2029-13-03

ALR Designation	 9299-21870-8-5
Sponsor Designation	 207A-SA7

Solar Pond
NW Corner
5-5-86

Determination: pCi/g (dry) -

REPORT OF ANALYSIS

9299-21870-8-6
207 A-SA8

Solar Pond
NW Corner
5-5-86

9300 ± 800
76.7

Gross Alpha.
± counting error*

Gross Beta,

± counting error*
Plutonium-239,
± counting error*

Americium-241,
± counting error*

Uranium-233 + Uranium-234,
± counting error*
Uranium-238,
± counting error*

Tritium,
± counting error*, pCi/L

Air Dry Loss, %

14000 ± 1000

560 ± 50

3700 ± 100

4400 ± 100

200 ± 20

130 ± 10

7400 ± 200

160 ± 20

1500 1 100

2800 ± 100

570 ± 30

280 ± 20

12000 ± 1000
73.2

*Variability of the radioactive disintegration process (counting error) at the 95% confidence level, 1.96o.

Bud Summers
BS/dh Radiochemistry Supervisor



Bud Summers
RadIochecnistry	 -.	 _------- -
SupervisorBS/dh

Accu-Labs Research, Inc.
I 1 48.5	 4Sth '\4tU4' 'h1.1i Ridqi' ('hrdo •'013
303) 423.2766

•

July 17, 1986
Page 1 of 1

Mr. Mark Selman
Roy F. Weston

938 Quail Street
Denver, CO 80215

RE: 9299-21890-6
Date Samples Rec'd 5-8-86
Project 2029-13-03-01

REPORT OF ANALYSIS

9299-21890-6-5
207A-SB7

Solar Pond
Center West

5-8-86

4700 ± 200

190 ± 40

3400 ± 100

1400 ± 200

180 ± 20

210 ± 20

ALS Designation
Sponsor Designation

Determination: pCi/g (dry)

Gross Alpha,
± counting error*

Gross Beta,
± counting error*

P1 utonium-239,
± counting error*

Americium-241,
± counting error*
iranium-233 + 234,
± counting error

Uranium-238,
± counting error*

Tritium,
± counting error*, pCi/L

Air Dry Loss,

9299-2 18 90-6-6
207A-S38

Solar Pond
Center West

-	 5-8-86

2400 ± 600
78.3

*Variability of the radioactive disintegration process (counting error)
at the 95% confidence level, 1.96o.

2'



A Accu-Labs Research, Inc.
/A

ll 485 W4Si h A'ntie Wheat Ridge. Colorado .co:n
/	 (303) 43-66

•

	

	 July 21, 1986
Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21907-6
Date Samples Rec'd 5-12-86
Project 2029-13-03-01

CORRECTED REPORT	 REPORT OF ANALYSIS

ALR Designation	 9299-21907-6-5
Sponsor Designation 207A-SC7

Solar Pond
SW Corner
5-12-86

Determination: pCi/g (dry)

9299-21907-6-6
207 A-SC8

Solar Pond
SW Corner
5-12-86

Gross Alpha,
± counting error*

Gross Beta,
W	 ± counting error*

Plutonium-239,
± counting error*

Americium-241,
± counting error*
Jranium-233 + 234,
± counting error*

Uranium-238,
± counting error*

Tritium.
± counting error*, pCi/L

Air Dry Loss,

12000 ± 1000

1400 ± 100

1700 ± 100

3500 ± 100

120 ± 20

480 ± 30

75.7
1300 ± 500

*Variability of the radioactive disintegration process (counting error)
at the 95 confidence level, 1.96o.

Bud Sumners

Radiochemistry
BS/dh
	

Supervisor

0



Accu-Labs Research, Inc.
II IS.S W 4Sh Avenue Wheat Ridge. Colorado S0033
(303) 423-2766

40
 July 17, 1986

Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21907-6
Date Samples Rec'd 5-12-86
Project 2029-13-03-01

REPORT OF ANALYSIS

ALR Designation
Sponsor Designation

9299-21907-6-5
207 A-SC7

Solar Pond
SW Corner
5-12-86

9299-2 1907-6-6
207 A-SC8

Solar Pond
SW Corner
5-12-86

Determination: pCi/g (dry)

Gross Alpha,
• ± counting error*

Gross Beta,
± counting error*

Plutonium-239,
± counting error*

Americium-241,
± counting error*

Uranium-233 + 234,
± counting error*

Uranium-238,
± counting error*

Tritium,
± counting error*, pCi/L

Air Dry Loss, Z

12000 ± 1000

1400 ± 100

1000 ± 100

2100 ± 100

71 ± 10

280 ± 20

1500 ± 600
58.8

*Variability of the radioactive disintegration process (counting error)
at the 95% confidence level, 1.96o.

BS/dh

Bud

U^'
 Summers

Radiochemistry
Supervisor

is



REPORT OF ANALYSIS

9299-21943-11-6
207A-C8

Solar Pond
Southwest
5-15-86

9299-2 194 3-11-10
207A-07

Solar Pond
Southwest
5-15-86

9299-21943-11-11
207A-08

Solar Pond
Southwest
5-15-86

A	 ccu-Labs Research, Inc.
I

I 1485 W. 481 h Avenue Wheai Ridp, (uk,, .Io 80033
(303) 423-2766

July 17, 1986
Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

S

RE: 9299-21943--11
Date Samples Rec'd 5-15-86
Project No. 2029-13-03

ALR Designation	 9299-21943-11-5
Sponsor Designation	 207A-C7

Solar Pond
Southwest
5-15-86

Determination: pCi/L

Gross Alpha,
± Counting error*

Gross Beta,
± Counting error*

Plutonium-239,
± counting error*

Americium-241.
I Counting error*

Uranium-233 + Uranium-234,
I Counting error*
Uranium-238,
± counting error*

Tritium,
± Counting error*, pCl/L

63000 ± 6000

35000 t 2000

56 1 16

11 .t 7

20000 1 1000

28000 ± 100()

32 ± 38

-2 ± 83

2.9 ± 6.3

0.2 ± 5.2

-2 ± 23

4 ± 19

640 ± 190
	

240 ± 180

*Variability of the radioactive disintegration process (counting error) at the 95 confidence level, 1.96o.

--
Bud Summers

BS/dh	 Radiochemistry Supervisor



A Ac

0 cu-Labs Research, Inc.
IA I I '185 W. 181h Avenue Wheal IIq

	

	 i rCII
/	 (303) 423-2766

July 2, 1986
Page 1 of 2

.

	

.

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21823-20
Date Samples Rec'd 4-28-86
Project No. 2029-13-03

ALR Designation
Sponsor Designation

Determination: pCi/L

Gross Alpha, dissolved,
± counting error*

Gross Beta, dissolved,
± counting error*
Plutonium-239, dissolved,
± counting error*

Americium-241, dissolved,
± counting error*
Uranium-233 + Uranium-234,
dissolved, ± counting
error*

Uranium-238, dissolved,
± counting error*

Tritium, total,
± counting error*

REPORT OF ANALYSIS

9299-21823-20-1 9299-21823-20-2 9299-21823-20-1 9299-21823-20-8 9299-21823-20-13
LA7 (ITPII)	 LAB (ITPH)	 LB7 (ITPH)	 LB8 (IWU)	 LC7 (IWH)
Sample A	 Sample A	 Sample B	 Sample B	 Sample C

120 ± 40
	

120 ± 40
	

100 ± 40

120 ± 40
	

75 ± 25
	

100 ± 30

	

0.16 ± 0.10
	

0.05 ± 0.08
	

0.06 1 0.06

	

-0.01 ± 0.03
	

0.00 1 0.04
	

0.02 ± 0.05

66 ± 2
	

62 ± 2
	

66 ± 2

44 ± 2
	

41 ± 2
	

40 t 2

2700 ± 300
	

3400 ± 300



Accu-Labs Res	 h, Inc.

July 2, 1986
Page 2 of 2

Mr. Mark Selman
Roy F. Weston

RE: 9299-21823-20
Date Samples Rec'd 4-28-86
Project No. 2029-13-03

REPORT OF ANALYSIS

ALR Designation	 9299-21823-20-14	 9299-21823-20-19
Sponsor Designation	 LC8 (ITPH)	 L07 IIPLC

Sample C	 Distilled Water

Determination: pCl/L

9299-2 182 3-20-20
L08 FPLC

Distilled Water

Gross Alpha, dissolved,
± counting error*
Gross Beta, dissolved,
± counting error*
Plutonium-239, dissolved,
± counting error*
Americium-241, dissolved,
± counting error*
Uranium-233 + Uranium-234,
dissolved, ± counting
error*

Uranium-238, dissolved,
± counting error*

Trittum. total,
± counting error*

-1 ± 2

-2 ± 4

0.01 ± 0.05

-0.01 ± 0.03

0.05 ± 0.27

-0.09 ± 0.24

3400 ± 300 40 ± 260

*Variability of the radioactive disintegration process (counting error) at the 95% confidence level, 1.960.

Bud Summers
Radioch em t S try

BS/dh	 Supervisor



A Accu-Labs Research, Inc.
I I .2S5 W. 4Sth Avenue Wheat Rdqe. Colorado S0033
303) 43•2766

.

July 17, 1986

Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, Co 80215

RE: 9299-21843-6
Date Samples Rec'd 4-30-86
Project 2029-13-03

REPORT OF ANALYSIS

ALR Designation
Sonsor Designation

Determination: pCi/L

Gross Alpha, dissolved,
± counting error*

Gross Beta, dissolved,
± counting error*

Plutonium-239, diss.,
± counting error*
ericium-241, diss.,
± counting error*
Uranium-233 + 234,
dissolved,
± counting error*
Uranium-238, dissolved,
± counting error*

9299-21843-6-2
207B-B7

Solar Pond
North (Central)

4-30-86

93 ± 60

25 ± 89

-0.02 ± 0.11

0.08 ± 0.08

51 ± 2

32 ± 1

9299-2 184 3-6-4
207B-C7

Solar Pond
North (Central)

4-30-86

74 ± 58

100 ± 92

-0.03 ± 0.06

-0.02 ± 0.04

53 ± 2

33 ± 1

9299-21843-6-6
207B-07

Solar Pond
North (Central)

4-30-86

16 ± 41

-21 ± 84

0.05 ± 0.07

0.08 ± 0.22

0.10 ± 0.24

-0.10 ± 0.21

*Variability of the radioactive disintegration process (counting error)
at the 95 confidence level, 1.96o.

SUU-75mme
Radlochemi stry

B SI d h
	

Supervisor



A 4kccu-Labs Research, Inc.
/

11485 W. 481h Avenue Whc.ii Ridge. (olor,tdo O033
(303) 423-2766

July 2, 1986
Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, Co 80215

RE: 9299-21833-18
Date Samples Rec'd 4-29-86
Project No. 2029-13-03

.

	

.

ALR Designation
Sponsor Designation

Determination: pCl/L

REPORT OF ANALYSIS

9299-21833-18-5 9299-21833-18-6 9299-21833-18-10 9299-21833-18-14 9299-21833-18-18
Solar Pond	 Solar Pond	 Solar Pond	 Solar Pond	 Solar Pond
2078-A7	 2070-A8	 2078-88	 207B-C8	 2078-08

North Northwest North Northwest	 North Central	 North Northeast	 Field Blank
Corner 4-29-86	 Corner 4-29-86	 4-29-86	 4-29-86	 4-29-86

Gross Alpha, dissolved,
± counting error*	 120 ± 50	 --	 --	 --	 --

Gross Beta, dissolved,
± counting error*	 56 ± 32	 --	 --	 --

Plutonium-239, dissolved,dissolved,
± counting error*	 0.01 ± 0.06	 --	 --	 --

Americium-241, dissolved,dissolved,
± counting error*	 -0.02 ± 0.04	 --	 --	 --	 --
Uranlum-233 + Uranium-234,
dissolved, ± counting
error*	 50 ± 2	 --	 --	 --
Uranium-238. dissolved,dissolved,
± counting error*	 31 ± 1	 --	 --	 --

Tritium, totaltotal
± Counting error*	 --	 1200 ± 300	 1200 ± 300	 1300 ± 300	 -40 ± 260

*Variability of the radioactive disintegration process (counting error) at the 95 confidence level, 1.96o.

	

• J	 -	 -
1jud Summers

BS/dh 1iL, 	 Radiochemistry Supervisor



47 ± 15

40 ± 7

0.07 ± 0.21

0.02 ± 0.06

0.86 ± 0.17

0.92 ± 0.18

0.04 ± 0.23
21.6

36 ± 13

28 ± 5

0.03 ± 0.21

0.07 ± 0.10

0.67 ± 0.15

0.84 ± 0.17

0.08 1 0.23
20.1

35 ± 13

30 ± 6

0.09 ± 0.22

0.00 ± 0.08

0.89 ± 0.19

0.75 ± 0.18

0.20 ± 0.23
22.8

18 ± 11

31 ± 6

0.05 ± 0.21

0.01 ± 0.07

0.67 t 0.17

0.62 ± 0.17

0.13 ± 0.23
28.2

A Oiccu-Labs Research, Inc.
/	

11485 W. •1811i Avenue Wheat RIje, (Ior,uI. 80033
(303) 423-2766

July 7, 1986
Page 1 of 2

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21741-27
Date Samples Rec'd 4-15-86
Project No. 2029-13-03

.

REPORT OF ANALYSIS

ALR Designation
	

9299-21741-27-3 9299-21741-27-6 9299-21741-27-9 9299-21741-27-12 9299-21741-27-15
Sponsor Designation
	

185 (E3Z)	 105 (lIZ)	 285 (lIZ)	 2C5 (BZ)	 3B5 (lIZ)

Determination: pCi/g (dry)

Gross Alpha,
± counting error*	 46 ± 15

Gross Beta,
± counting error*	 34 ± 6

Plutonium-239,
± counting error*	 0.01 ± 0.10

Americium-241,
± counting error*	 0.28 ± 0.16

Uranium-233 + Uranium-234,
± counting error*	 0.77 ± 0.17
Uranium-238,
± counting error*	 0.66 ± 0.16

Tritium,

± counting error*, pCl/mL -0.07 ± 0.22
Air Dry Loss, %	 22.3



.

	

.

	

Accu-I.il)sReSch, Inc.
July 7, 1986

Page 2 of 2

Mr. Mark Selman
Roy F. Weston

RE: 9299-21741-27
Date Samples Rec'd 4-15-86
Project No. 2029-13-03

REPORT OF ANALYSIS

ALR Designation	 9299-21741-27-18	 9299-21741-27-21	 9299-21741-27-24	 9299-21741-27-27
Sponsor Designation	 3C5 (BZ)	 105 (BZ)	 1ES (BZ)	 1F5 (BZ)

Determination: pci/g (dry)

Gross Alpha,
± counting error*	 37 ± 14	 52 ± 16	 44 ± 15	 21 ± 11

Gross Beta,t counting error*	 29 ± 6	 40 ± 6	 32 ± 6	 29 t 6
P1 utonfum-239,
± counting error*	 0.05 ± 0.21	 0.12 ± 0.21	 0.07 ± 0.20	 -0.08 ± 0.09

Americium-241.
± counting error*	 -0.02 ± 0.03	 0.01 ± 0.05	 -0.02 ± 0.03	 -0.02 ± 0.03

Uranium-233 + Uranium-234,
± counting error*	 0.66 ± 0.16	 1.1 ± 0.2	 0.73 ± 0.17	 0.59 ± 0.13
Uranium-238,
± counting error*	 0.76 ± 0.18	 1.2 ± 0.2	 0.80 ± 0.18	 0.61 ± 0.14

Tritium,
± counting error*, pCi/mL	 0.28 ± 0.27	 0.34 ± 0.23	 0.34 ± 0.23	 0.54 ± 0.24

Air Dry Loss, Z	 19.8	 26.1	 20.5	 16.2

*Variability of the radioactive disintegration process (counting error) at the 95% confidence level • 1.96o.

4 _JJ
Dud Summers
Radi ocherni stry

BS/dh	 Supervisor



67 ± 17

55 ± 7

0.10 ± 0.20

-0.02 ± 0.03

1.1 ± 0.2

0.89 ± 0.20

0.09 ± 0.23
24.8

71 ± 18

50 ± 7

0.02 ± 0.10

-0.02 ± 0.03

1.2 ± 0.2

1.2 ± 0.2

0.02 ± 0.22
21.9

75 ± 18

56 ± 7

0.02 ± 0.21

0.00 ± 0.05

1.4 ± 0.2

1.2 ± 0.2

-0.05 ± 0.22
22.5

Accu-Labs Research, Inc.
I 1-1,85 W. 48th Aenu' Vhc.it Rid-le. CuIurdln S0033
(303) 423.2766

June 19, 1986
Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21732-9
Date Samples Rec'd 4-14-86
Project 2029-13-03

REPORT OF ANALYSIS

S

ALR Designation
	

9299-2 1732-9-3
	

9299-21732-9-6
	

9299-21732-9-9
Sponsor Designation
	

lAS (BZ)
	

2A5 (BZ)
	

3A5 (BZ)
Composite 1
	

Composite 2
	

Composite 3
Surface Scrape
	

Surface Scrape
	

Surface Scrape

Determination: pCi/g (dry)

S
Gross Alpha,
± counting error*

Gross Beta,
± counting error*

Plutonium-239,
± counting error*

Americium-241,
± counting error*
Uranium-233 + 234,
± counting error*

Uranium-238,
± counting error*

Tritium,
± counting error*,
pCi/mi

Air Dry Loss,

*Variability of the radioactive disintegration process (counting error)
at the 95% confidence level, 1.96o.

Bud Summers
Radlochemi stry

BS/dh
	

Supervisor

0



A Accu-Labs Research, Inc.
/4

1 14S5 W. 4S,h Aenue Wheal Ridqe. Colorado SOO.13
/(303) 423.2766

.

June 26, 1986
Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21884-6
Date Samples Rec'd 5-7-86
Project 2029-13-03-01

.

ALR Designation
Sponsor Designation

Determination: ig/L

Aluminum, total
Antimony, total
Arsenic, total
Barium, total
Beryllium, total
Cadmium, total
Calcium, total
Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury. total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total
Phenols

REPORT OF ANALYSIS

9299-21884-6-1
207A-83

Solar Pond
Depth	 4"

5-7-86

2640
600U
150
200U
43
70

[880]
16700
200
1800
1600
50u

[1650]
115
0.2
1900
14,300,000
50U
370
42,900,000
100u
13000
100
780

9299-21884-6-3
207A-B5

Solar Pond
Depth	 4"

5-7-86

I

35

.
CC/dh

Ca t	 aims
Water' Laboratory
Supervi sot



Pi!
Accu-Labs Research, Inc.

14S5 W. 4Sth '\v'ntic Wheat Ridge. Colorado 80033
(303) 423-2766

June 26, 1986
Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21856-6
Date Samples Rec'd 5-1-86
Project 2029-13-03

ALR Designation
Sponsor Designation

Determination: jig/L

REPORT OF ANALYSIS

9299-21856-6-1
207A-A3

Solar Pond
Northwest

5-1-86

9299-21856-6-3
207A-AS
Solar Pond
Northwest

5-1-86

Aluminum, total
Antimony, total
Arsenic, total

•

Barium, total
Beryllium, total
Cadmium, total
Calcium, total
Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total
Phenol s

.
CC/dh

2420
600U
150
200U
27
100

[990]
16300
200
1610
8000
50u

[1540]
105
0.2U
1900
13,200,000
50u
310
36,300,000
100u
7000
120
620

&d^ "-
tathyOc.ai ms
Water Laboratory
Supervisor

I

13



REPORT OF ANALYSIS

9299-21943-11-1
207A-C3

Solar Pond
Southwest
5-15-86

9299-21943-11-3
207A-05
Solar Pond
Southwest
5-15-86

A Accu-Labs Research, Inc./ 11485 W. 481h Avenue Wheat Ridqe, Colorado S0033
I	 (303) 423-2766

•

June 26, 1986
Page 1 of 2

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21943--11
Date Samples Rec'd 5-15-86
Project 2029-13-03-01

ALR Designation
Sponsor Designation

Determination: ig/L

Aluminum, total
Antimony, total
Arsenic, total

.

Barium, total
Beryllium, total
Cadmium, total
Calcium, total
Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total
Phenols

2310
600U
1000u
200 U
39
150

[770]
13700
500
1750
1500
5Ou

[1540)
95
0.211
2000
14,300,000
50u
350
38,500,000
1 OOU
13000
210
690

14



REPORT OF ANALYSIS

9299-21943-11-7
207A-03
Solar Pond
Southwest
5-15-86

9299-2 194 3-11-8
207A-05
Solar Pond
Southwest
5-15-86

Accu-Labs Research, Inc.

June 26, 1986
Page 2 of 2

Mr. Mark Selman
Roy F. Weston

RE: 9299-21943-11
Date Samples Rec t d 5-15-86
Project 2029-13-03-01

ALR Designation
Sponsor Designation

Determination: ig/L

Aluminum, total
Antimony, total
Arsenic, total
Barium, total
Beryllium, total
Cadmium, total
Calcium, total

.

Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total
Phenols

CC/dh

S

200U
60U
IOU
200U
5U
SU

[440]
5U
20U

[7]
[90]
11

[99]
SU
0. 2U
201J
[1430]
5U
5U
15400
lou
40U
SU
57

&Z44' Let-!z
athyg'tai ms

Water' laboratory
Supervisor

I
I
2



REPORT OF ANALYSIS

9299-21870-8-1
207 A-SA3

Solar Pond
NW Corner
5-5-86

9299-21870-8-3
207 A-SA5

Solar Pond
NW Corner

5-5-86

11300
250U
42U
833U
309
1110
24100
1010
33U
425
3590
65
20400
153
7.5
124
59000
21U
153
154000
42U
167U
208U
248

U

r

1.7U

Accu-Labs Research, Inc.
11485 W. 48ih Avenue Wheat Fidq4'. Colorado 80033
(303) 423.2766

June 27, 1986
. Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21870-8
Date Samples Rec'd 5-6-86
Project 2029-13-03

ALR Designation
Sponsor Designation

.

Determination: mg/kg dry wt.

Aluminum, total
Antimony, total
Arsenic, total
Barium, total
Beryllium, total
Cadmium, total
Calcium, total
Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total
Phenols, total

S
CC/dhL,

LatflyflTCairns
Wa terLaboratory
Supervi sor



REPORT OF ANALYSIS

9299-21890-6-1
207A-S83

Solar Pond
Center West

5-8-86

11000
27 3U
45U
909U
668
10500
50000
1500
91U
1590
5550
455
21000
595
25
1320
50000
23U
191
130000
45U
182U
227U
595

9299-2 1890-6-3
207A-S35

Solar Pond
Center West

5-8-86

U

1.8U

A Accu-Labs Research, Inc.
1/41 

14S5 W. 4Sih Avenue Wh-at Ridge. Coinrado S0033
/	 ( 3) 423766

is

June 27, 1986

Pa g e 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21890-6
Date Samples Rec'd 5-8-86
Project 2029-13-03-0001

.

ALR Designation
Sponsor Designation

Determination: mg/kg dry wt.

Aluminum, total
Antimony, total
Arsenic, total
Barium, total
Beryllium, total
Cadmium, total
Calcium, total
Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total
Phenols, total

is
CC/dh lr

Water Laboratory
Supervisor



11900
333U
56U
11 lOU
1570
1220
19600
19700
111U
879
6900
142
6110
178
10
162
65300
28U
237
166000
56U
222U
278U
227

3.3

&L' 2xaJ
athy Cairns

Water Laboratory
Supervi sor

A Accu-Labs Research, Inc.
I I4S W. 48th Avenue Whet Rdqe. CoIrad •S()013

7	 303) 423•2766

•

lune  30, 1986

 Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21907-6
Date Samples Rec'd 5-12-86
Project 2029-13-03-01

REPORT OF ANALYSIS

9299-21907-6-1
207 A-SC3

Solar Pond
SW Corner
5-12-86

929 9-2 1907-6-3
207 A-SCS
Solar Pond
SW Corner
5-12-86

ALR Designation
Sponsor Designation

Determination: mg/kg dry wt.

Aluminum, total
Antimony, total
Arsenic, total
Barium, total
Beryllium, total
Cadmium, total
Calcium, total
Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total
Phenols, total

I

.



Accu-Labs Research, Inc.
/

I 1485 W. 4Sth Avenue Wheat Ridge. Colorado S0033
(303) 423.266

•

June 11, 1986

Page 1 of 2

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21823-20
Date Samples Rec'd 4-28-86
Project 2023-13-03

REPORT OF ANALYSIS

ALR Designation	 9299-21823-20-3	 9299-21823-20-5
Sponsor Designation	 LB3 (IIPH)	 LBS (ITPH)

Sample B	 Sample B

Determination: iig/L

9299-2 182 3-20-9
LC3 (IIPH)
Sample C

S

200U
6011
lou
220
5U
5u
319000

[7]
2011
511
20U
511
77400

[13]
0.4
2011
71500
12
10
462000
lou
400U
5011
30

Aluminum, total
Antimony, total
Arsenic, total
Barium, total
Beryllium, total
Cadmium, total
Calcium, total
Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total
Phenols, total

200U
6011
lou
20011
511
5u
308000

[9]
20U
5U
20U
5U
76800

[12]
0.5
20U
73700
11
12
451000
lou
40011
50U
24

10

0



Accu-Labs Research, inc.

June 11, 1986
Page 2 of 2

S Mr. Mark Selman
Roy F. Weston

RE: 9299-21823-20
Date Samples Rec'd 4-28-86
Project 2023-13-03

REPORT OF ANALYSIS

ALR Designation	 9299-21823-20-11	 9299-21823-20-15
Sponsor Designation	 LCS (ITPH)	 L03 HPLC

Sample C	 Distilled Water

Determination: pgIL

9299-21823-20-17
LOS HPLC

Distilled Water

2

I
2U

r

Aluminum, total
Antimony, total
Arsenic, total
Barium, total
Beryllium, total
Cadmium, total
Calcium, total
Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total
Phenols, total

CC! d

200U
60U
lou
2 OOU
5u
5U

(2201
5u
20U
5U

[80]
5u

[66]
su
0. 2U
20U

C 220]
Su
5U

[440)
lou
40U
50U
58

C'—.
tathy Cairns j
Water Laboratory
Supervisor

0



A Accu-Labs Research, Inc.
1 148.5 W 4S1h A venue*  Wheat Ridge. CoIurad S033

/	 t30.3) 423-2766

•

June 12, 1986
Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21843-6
Date Samples Rec'd 4-30-86
Project 2029-13-03

REPORT OF ANALYSIS

.

ALR Desicnaton
Sponsor Designation

Determination: ig/L

Aluminum, total
Antimony, total
Arsenic, total
Barium, total
Beryllium, total
Cadmium, total
Calcium, total
Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Macrtesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total

9299-21843-6-1
207B-83

Solar Pond
North (Center)

4-30-86

2 00tJ
601J
lou
2 OOU
5U
5u
187000
5U
20U

[6]
20U
5u
67500
5U
0.2U

£30]
62700
9

[5]
374000
lou
400U
50u
5U

9299-21843-6-3
207B-C3

Solar Pond
North (Center)

4-30-86

200U
6011
lou
220
511
5u
176000

[9]
20U
511
2011
su
66400
Su
0.211
20U
60500
9

[7)
363000
lou
40011
50u
5U

9299-21843-6-5
207B-03

Solar Pond
North (Center)

4-30-86

200U
600
lou
200U
511
su

[990]
511
2011
511

[20]
su

[407]
5u
0. 2U
20U

[110]
5u
5U

[330]
lou
40(J
5011

[11)

6^ -1 &iA^
tathyfCa( ms
Water Laboratory
Supervi sorS CC/dh,



9299-21833-18-1
Solar Pond
207B-A3

North Northwest
Corner
4-29-86

9299-21833-18-3
Solar Pond
2078-A5

North Northwest
Corner
4-29-86

9299-21833-18-8
Solar Pond
2078-BS

North Central
4-29-86

A Accu-Labs Research, Inc.
Z/J

11385 W. 4S,h Avenue Wheat Ridge. Colorado S0033
(303) 423-2766

June 26, 1986
Page 1 o 2

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21833-18
Date Samples Rec'd 4-29-86
Project 2029-13-03

REPORT OF ANALYSIS

ALR Designation
Sponsor Designation

Determination: pg/L

Aluminum, total
Antimony, total

. Arsenic, total
Barium, total
Beryllium, total
Cadmium, total
Calcium, total
Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total
Phenols

2 OOU
60U
lou
200 U
5u
5u
198000
5U
20U

[14)
[90]
Su
72600
15
0. 2U
5°
56100
9
su
451000
lou
400U
50U
22

3
	

46

0



Accu-Labs Research, Inc.

June 26, 1986
Page 2 of 2

Mr. Mark Selman
Roy F. Weston

RE: 9299-21833-18
Date Samples Rec'd 4-29-86
Project 2029-13-03

REPORT OF ANALYSIS

ALR Designation
Sponsor Designation

Determination: ig/L

Aluminum, total
Antimony, total
Arsenic, total
Barium, total
Beryllium, total
Cadmium, total
Calcium, total

•

Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total
Phenols

CC/dh

•

9299-21833-18-12
	

9299-21833-18-16
Solar Pond
	

Solar Pond

	

2078-CS
	

2078-05
North (Northeast)
	

Field Blank

	

4-29-86
	

4-29-86

I

3
	

4

2a4,)
Cathy//Cairns
Water" Laboratory
Supervisor



Accu-Labs Research, Inc.
/4 1 14S5 W. 48ih Avenue Wheat Ridqe, Colorado
/ 	(303) 4232766

May 30, 1986
Page 1 of 3

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21741-27
Date Samples Rec'd 4-15-86
Project 2029-13-03

REPORT OF ANALYSIS

ALR Designation
Sponsor Designation

Determination: mg/kg,
dry wt.

Aluminum, total
Antimony, total

•

Arsenic, total
Barium, total
Beryllium, total
Cadmium, total
Calcium, total
Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total
Phenols

9299-21741-27-1
183 (BZ)

Composite 1
0-6" depth

8190
38U
6.3U
126U
3.2U
3.2U

[1660]
11
13U

[6.9]
9080
31

[1240]
274

0. 1U
[13]
[1390)
3.2U
3.2U
63U
6. 3U
25U
32U
33
0. 3U

9299-21741-27-4
1C3 (BZ)

Composite 1
6-12" depth

8640
37U
1OF
123U
3.1U
3.1U

[1100)
10

[22]
[6.6]
12400
19

[1030]
293
0.1U
[16]
[1100)
3.1U
3.1U
62U
6.2U
25U
38
23
0.5

9299-21741-27-7
2B3 (BZ)

Composite 2
0-6" depth

6540
38U
7.0
128U
3. 2U
3.2U

(1320]
9.0
[12)
[8.4]
9610
29

[997]
247
0.1u
13U

(1260)
3. 2U
3.2U
64U
6. 4U
26U
32U
29
0. 3U



Accu-Labs Research, Inc.

May 30, 1986
Page 2 of 3

Mr. Mark Selman
Roy F. Weston

RE: 9299-21741-27
Date Samples Rec'd 4-15-86
Project 2029-13-03

REPORT OF ANALYSIS

ALR Designation
Sponsor Designation

Determination: mg/kg,
dry wt.

Aluminum, total
Antimony, total
Arsenic, total
Barium, total
Beryllium, total
Cadmium, total
Calcium, total
Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total
Phenols

9299-21741-27-10
2C3 (BZ)

Composite 2
6-12" depth

7640
37U
6.1U
122U
3.OU
3.OU

[1440]
9.6
12U

[9.1]
10200
16

[1060]
196
0.1U

[17]
[1250]
3. OU
3. OU
61U
6.1U
24U
3011
30
0.2U

9299-21741-27-13
3B3 (BZ)

Composite 3
0-6" depth

6740
38U
6.4
128U
3.2U
3.2U

[1400]
5.7
1311

[8.3]
9580
17

[976]
215
0. 1U

[13]
[1190]
3.211
3.2U

[68]
6.4U
2611
32U
25
0.311

9299-2 17 41-27 -16
3C3 (BZ)

Composite 3
6-12" depth

7200
3811
6.3U
12511
3.111
3.111

[1020]
5.6
25

[9.9]
10900
15

[883)
285
0.111
1311

[951]
3.111
3.111
63U
6.311
2511
3111
20
0.311

S



Accu-Labs 14S5 W. 48th Avenue
301) 423 . 2b6Z1,

May 30, 19860 Page 1 of 1

Research, Inc.
Wheat Ridge. Colorado 80033

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21732-9
Date Samples Rec'd 4-14-86
Project 2029-13-03

REPORT OF ANALYSIS

ALR Designation
Sponsor Designation

Determination: mg/kg,

dry wt.

Aluminum, total
Antimony, total

•

Arsenic, total
Barium, total
Beryllium, total
Cadmium, total
Calcium, total
Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Tin, total
Vanadium, total
Zinc, total
Phenols

9299-21732-9-1
1A3 (BZ)

Composite 1
Surface Scrape

8770
40U
6.7U
133U
3.3U
3. 3U

[1840)
10
13U

[9.6]
11000
38

[1360)
272
0.1U
13U

[1700)
3.3U
MU
67U
6.7U
27U
33U
41
0. 3U

9299-21732-9-4
2A3 (BZ)

Composite 2
Surface Scrape

9140
41U
6.8
135U
3. 4U
3.4U

[1930]
10
14U

[9.7]
11400
48

[1490]
337
0.1U
[13]
[1860)
3 • 4U
3.4U

[217]
6.8U
27U
34U
49
0.3U

9299-21732-9-7
3A3 (BZ)

Composite 3
Surface Scrape

9050
41U
6.81J
135U
3. 4U
3. 4U

[1960]
13
14U

[10]
12300
42
[1350]
286
0. 1U
14U

[1750]
3.41J
3. 4U

[140]
6.8U
27U
34U
44
0. 3U

. CC
ms tJ

Project ManagerCC/dh,,



.

REPORT OF ANALYSIS

9299-21884-6-2
207A-6

Solar Pond 207A

9.4

9299-21884-6-4
207A-B6

Solar Pond 207A

19
*

9.9

>100

<0.01

ALR Designation
Sponsor Designation

Reactivity, mg/L:
Cyanide
Sulfide

Corrosivity-pH

Ignitability, °C

Total Cyanide, mg/L

Hexavalent Chromium, mg/L

A Accu-Labs Research, inc/4 1148%5 W 48th Avenuehcai Ridge. Colorado S0U
.

fl
/	 (303) 4.327U,

.

July 21, 1986
Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21884-6
Date Samples Rec'd 5-7-86
Project No. 2029-13-03-01

*Not analyzed due to insufficient sample.

Michel A. HerzoV

MAH/dh
	

RCRA Analysis

0



A Accu-Labs Research, Inc.
/74

11485 W 48th Aenu' Wheat Rdq('. Cotmtdo S0033
/(303) 423-2766

July 21, 1986
Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21856-6
Date Samples Rec'd 5-1-86

Project No. 2029-13-03-01

REPORT OF ANALYSIS

9299-21856-6-2
207A-A4

Solar Pond 207A
Northwest

9299-21856-6-4
207A-A6

Solar Pond 207A
Northwest

ALR Designation
Sponsor Designation

Reactivity, mg/L:
Cyanide
Sulfide

Corrosivi ty-pH

Ignitability, C

Total Cyanide, mg/L	 11

Hexavalent Chromium, mg/L

*Not analyzedanalyzed due to insufficient sample.
**Not calculated due to Interferences.

U
*
**

9.8

>100

<0.01

MAH/dh

Niche A.
Soils and OverburdenO
Supervisor

C

S	 ••



Accu-Labs Research, Inc.
14S5 W. 49th Avenue Wheat Ridqe, Colorado 80033

(303) 432766

July 23, 1986
Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21943-11
Date Samples Rec'd: 5-15-86
Project No. 2029-13-03

REPORT OF ANALYSIS

ALR Designation	 9299-21943-11-2 9299-21943-11-4 9299-21943-11-9

Sponsor Designation	 207A-C4	 207A-C6	 207A-06

Determination: mg/L

Reactivity:

Cyanide	 --
	 *	 *

Sulfide	 --
	 *	 <10

Corrosivity-pH	 --
	

9.8
	

6.6

Ignitability, O C	 --
	

>100
	

>100

Total Cyanide	 17

Hexavalent Chromium	 --
	

0.02
	

<0.01

*Not analyzed due to Insufficient sample.

Iche1 A. erzo
MAH/dh
	

RCRA Analysis

0



A Accu-Labs Research, Inc.
/ 11485 W 4Sih Avenue Wheat Hsclqe. Colorado S0033

L.	 (303) 423.2766

July 21, 1986

Page 1 of 1

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21907-6
Date Samples Rec'd 5-12-86
Project No. 2029-13-03-01

REPORT OF ANALYSIS

ALR Designation
Sponsor Designation

9299-21907-6-2
207 A-SC4

Solar Pond 207A
SW Corner

Sediment C-Composite

9299-21907-6-4
207A-SC6

Solar Pond 207A
SW Corner

Sediment C-Composite

.

RCRA EP Toxicity, mg/I:

Arsenic
Bari urn
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

Reactivity, jig/g:
Cyanide
Sulfide

Corrosivity-pH	 --
Ignitability, C	 --
Hexavalent Chromium. mg/L	 --

Total Cyanide, ig/g	 6.5

*Not calculated due to Interferences.

S

I
U

U

0.04
<0.2
4.5
0.86
0.11
0.001
<0.005
<0.02

6.3
*

9.0
>100
0.01

0
MAH/dh
	

RCRA Analysis



Accu-Labs ReSch, Inc.
July 21, 1986
Page 2 of 2

Mr. Mark Selman
Roy F. Weston

RE: 9299-21823-20
Date Samples Rec'd 4-28-86
Project No. 2029-13-03

Corrosivity-pH

Ignitability, C

Total Cyanide, mg/L

Hexavalent Chromium, mg/L

Reactivity, mg/L:
Cyanide
Sulfide

ALR Designation
Sponsor Designation

REPORT OF ANALYSIS

9299-2 1823-20-18
LB6-LC6-LD6

HPLC Distilled Water

<0.05
<10

6.7

>100

<0.01

MAH/dh

x

Michel A. Herzog/
RCRA Analysis



A Oiccu-Labs Research, Inc.
I/A l 1485 W. 48(h Avenue Wheat Ridge, Colorado 80033

/(303) 423-2766

July 21, 1986
Page 1 of 2

L .

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21823-20
Date Samples Rec'd 4-28-86
Project No. 2029-13-03

REPORT OF ANALYSIS

ALR Designation	 9299-21823-20-4 9299-21823-20-6 9299-21823-20-10 9299-21823-20-12 9299-21823-20-16
Sponsor Designation	 L84	 LB6	 LC4	 LC6	 L04

Interceptor	 Interceptor	 Interceptor	 Interceptor	 HPLC
Trench	 Trench	 Trench	 Trench	 D1stl led Water

Pump House	 Pump House	 Pump House	 Pump House
Sample B	 Sample B	 Sample C	 Sample C

Reactivity, mg/L:
Cyanide
Sulfide

Corros lvi ty-pH

Ignitability, OC

Total Cyanide, mg/L

Hexavalent Chromium, mg/L

<0.05
	

(0.05
<10
	

<10

7.8
	

8.0

>100
	

>100

<0.05
	

<0.05
	

<0.05

<0.01
	

<0.01

23



444kccu-Labs Research, Inc.
11485 W. 481h Avenue Wheai Ridje, Colorado 80033
(303) 423-2766

July 21, 1986
Page 1 of 2

.

	

^7-

Mr. Mark Selman
Roy F. Weston
938 Quail Street
Denver, CO 80215

RE: 9299-21833-18
Date Samples Rec'd 4-29-86
Project No. 2029-13-03

REPORT OF ANALYSIS

ALR Designation	 9299-21833-18-2 9299-21833-18-4 9299-21833-18-7 9299-21833-18-9 9299-2 183 3-18 -11
Sponsor Designation	 2078-A4	 207B-A6	 2078-84	 2078-86	 207B-C4

Solar Pond 2070 Solar Pond 207B Solar Pond 2078 Solar Pond 2078 Solar Pond 2070
N-NW Corner	 N-NW Corner	 North (Central) North (Central) North (Northeast)

Reactivity, mg/L:
Cyanide
Sulfide

Corros lvi ty-pH

Ignitability, C

Total Cyanide, mg/L

Hexavalent Chromium, mg/L

<0.05	 <0.05
<10	 <10

8.0	 7.9

>100	 >100

<0.05	 <0.05	 <0.05

<0.01	 (0.01

I.,

23



0	 0	 Accu-Labs Re'h, Inc.

July 21 1986
Page 2 of 2

Mr. Mark Selman
Roy F. Weston

RE: 9299-21833-18
Date Samples Rec'd 4-29-86
Project No. 2029-13-03

ALR Designation
Sponsor Designation

9299-21833-18-13
207B-C6

Solar Pond 2078
North (Northeast)

REPORT OF ANALYSIS

9299-21833-18-15
2078-04

Solar Pond 2078
Field Blank

9299-2 183 3-18 -17
2078-06

Solar Pond 2078
Field Blank

Reactivity, mg/L:
Cyanide	 <0.05

Sulfide	 <10

Corrosivity-pH	 8.1

Ignitability, C	 >100

Total Cyanide, mg/L	 --

Hexavalent Chromium, mg/L <0.01

MAH/dh

<0.05
(10

7.1

>100

<0.05

--	 <0.01

JL
iche1 A. Herzol
RCRA Analysis



0.11
<10

5.7
>100
<0.01

0.16

0.11
<10

5.6
>100
<0.01

0.10

.
-Labs Res

//A
riccuearch Inc.
 

11485 W. 48th Avenue Wheat Ridge, Colorado 80033
(303) 423-2766

May 16, 1986
Page 1 of 2

Mr. Mark Selman
Roy F. Weston
938 Quail St.
Denver, CO 80215

RE: 9299-21732-9
Date Samples Rec'd 4-14-86
Project No. 2029-13-03

is

	

.

REPORT OF ANALYSIS

ALR Designation
Sponsor Designation

9299-21732-9-1
1A3. (BZ)

Composite 1
Surface Scrape

9299-21732-9-3
1A4 (BZ)

Composite 1
Surface Scrape

9299-21732-9-4
2A3 (BZ)

Composite 2
Surface Scrape

9299-21732-9-5
2A4 (BZ)

Composite 2
Surface Scrape

9299-2 17 32-9-7
3A3 (BZ)

Composite 3
Surface Scrape

RCRA EP Toxicity, mg/L:
Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

Reactivity:
Cyanide, ig/g
Sulfide, ig/g

Corrosivity-pH	 --
Ignitability, C	 --
Hexavalent Chromium, mg/L	 --
Total Cyanide, ig/g	 0.17

	

<0.005
	

<0.005

	

<0.2
	

<0.2

	

<0.005
	

0.006

	

<0.01
	

0.01

	

<0.05
	

<0.05

	

0.001
	

<0.001

	

<0.005
	

<0.005

	

<0.02
	

<0.02



0	 S	 Accu-Labs Reach, Inc.

May 16, 1986
Page 2 of 2

Mr. Mark Selman
Roy F. Weston

RE: 9299-21732-9
Date Samples Rec'd 4-14-86
Project No. 2029-13-03

REPORT OF ANALYSIS

ALR Designation
Sponsor Designation

RCRA EP Toxicity, mg/L:
Arsenic
Barium
Cadmium
Chromi urn
Lead
Mercury
Selenium
Silver

Reactivity:
Cyanide, jiglg
Sulfide, iig/g

Corros lvi ty-pH
Ignitability, C
Uexavalent Chromium, mg/L
Total Cyanide, iig/g

9299-2 17 32-9-8
3A4 (BZ)

Composite 3
Surface Scrape

<0.005
<0.2
0.005
0.02
<0.05
<0.001
<0.005
<0.02

0.12
<10

5.6
>100
<0.01

These samples are scheduled to be disposed of 45 days after the date of this rep t.

Michel A. Herzog
RCRA AnalysisMAH/ d h,



U
Reactivity:
Cyanide, ig/g
Sulfide, i'g/g

0.05
<10

0.12
<10

0.10
	

0.05
	

0.08

U5.7
>100
<0.01

5.7
>100
<0.01

0", cu	 Inc.-Labs Research, 
I/A

l 1485 W. 48th Avenue Wheat Ridge, Colorado 80033
/(303) 423-2766

May 16, 1986
Page 1 of 4

S S

Mr. Mark Selman
Roy F. Weston
938 Quail St.
Denver, CO 80215

RE: 9299-21741-27
Date Samples Rec'd 4-15-86
Project No. 2029-13-03

REPORT OF ANALYSIS

ALR Designation
Sponsor Designation

9299-21741-27-1
1B3 (BZ)

Composite 1
0"-6"

9299-21741-27-2
1B4 (BZ)

Composite 1

9299-2 17 41-27 -4
1C3 (BZ)

Composite 1
6"-12"

9299-21741-27-5
1C4 (BZ)

Composite 1
6-1-1211

929 9-2 174 1-27-7
283 (OZ)

Composite 2
ON_6N

RCRA EP Toxicity, mg/L:
Arsenic
	

<0.005
	

<0.005

Barium
	

<0.2
	

<0.2

Cadmium
	

<0.005
	

<0.005

Chromium
	

<0.01
	

<0.01

Lead
	

<0.05
	

<0.05

Mercury
	

<0.001
	

<0.001

Selenium
	

<0.005
	

<0.005

Silver
	

<0.02
	

<0.02

Corrosivity-pH
rgnitatility, 'C
liexavalent Chromium, mg/L
Total Cyanide, jig/g



pp
Reactivity:
Cyanide, ig/g
Sulfide, ig/g

0.06
<10

0.08
<10

<0.05
<10

0	 Accu-Labs Re-h, Inc.

May 16, 1986
Page 2 of 4

Mr. Mark Selman
Roy F. Weston

RE: 9299-21741-27
Date Samples Recsd 4-15-86
Project No. 2029-13-03

REPORT OF ANALYSIS

ALR Designation	 9299-21741-27-8 9299-21741-27-10 9299-21741-27-11 9299-21741-27-13 9299-21741-27-14
Sponsor Designation	 2B4 (BZ)	 2C3 (BZ)	 2C4 (BZ)	 383 (BZ)	 3B4 (BZ)

Composite 2	 Composite 2	 Composite 2	 Composite 3	 Composite 3
O N-6"	 6h1_1201	 6"-12"	 01I_661	 ON_6

RCRA EP Toxicity, mg/L:
Arsenic
Barium
Cadmium

Chromium
Lead
Mercury
Selenium
Silver

<0.005
<0.2
<0.005

<0.01
<0.05
<0.001
<0.005
<0.02

<0.005
<0.2
<0.005

<0.01
<0.05
<0.001
<0.005
<0.02

<0.005
<0.2
0.005

<0.01
<0.05
<0.001
<0.005
<0.02

Corrosivity-pH	 5.7
	

5.5
	

5.7

Ignitability, • C	 >100
	

>100
	

>100
Hexavalent Chromium, mg/L <0.01
	

0.01
	

0.06

Total Cyanide, ig/g	 --	 0.05
	

0.09



UII
Reactivity:
Cyanide, i'g/g
Sulfide, iig/g

0.13
<10

<0.05
<10

1140.13

5.9
>100
0.02

5.7
>100
0.02

S	 S	 Accu-Labs	 Inc.

May 16, 1986
Page 3 of 4

Mr. Mark Selman
Roy F. Weston

RE: 9299-21741-27
Date Samples Recsd 4-15-86
Project No. 2029-13-03

REPORT OF ANALYSIS

ALR Designation	 9299-21741-27-16 9299-21741-27-17 9299-21741-27-19 9299-21741-27-20 9299217412722
Sponsor Designation	 3C3 (BZ)	 3C4 (BZ)	 1D3	 104	 1E3

Composite 3	 Composite 3	 Composite 1	 Composite I	 Composite 1

	

61112"	 68_121	 Surface Scrape	 Surface Scrape	 0N_60 Core

RCRA EP Toxicity, mg/L:
Arsenic	 <0.005

	
<0.005

Barium	 <0.2
	

<0.2

Cadmium	 <0.005
	 <0.005

Chromi urn	 <0.01
	 <0.01

Lead
	

<0.05
	 <0.05

Mercury	 <0.001
	 <0.001

Selenium	 <0.005
	 <0.005

Silver	 <0.02
	

<0.02

Corrosivity-pH	 --
Ignitability, C	 --
Ilexavalent Chromium, mg/L	 --
Total Cyanide, iig/g 	 <0.05



_WF
	

SEP 2 

VOA ORGANIC ANALYTICAL DATA PACKAGE FOR ROCKY FLATS

DATE RECEIVED: August 21, 1986

SAMPLE	 WESTON ID
DESCRIPTION	 R.F.W. NUMBER	 DATE COLLECTED	 VOA ANALYSIS

ITPH-LAI	 8608-682-0070	 8/19/86	 9/01/86

ITPH-SAI	 8608-682-0080	 8/19/86	 9/01/86

ITPH-LB1	 8608-682-0240	 8/19/86	 9/01/86

ITPH-LC1	 8608-682-0250	 8/19/86	 9/01/86

ITPHSB1	 86086820260	 8/19/86	 9/01/86

0



,	 WESNALYTICS
GC/MS - - A SUMMARY

VOLATILE HAZARDOUS SUBSTANCE LIST COMPOUNDS
_____u__=___ --------------- =----- ------= ----n--

RFW Batch Number: 8608-682- 	 Client:	 ROCKY FLATS	 Page: 1

	

Cust ID: ITPH-LAI	 LAB DUP	 MS ITPH-SAI ITPH-LBI ITPH-LCISample	 •RFW#:	 0070	 0070	 0070	 0080	 0240	 0250Information	 Matrix:	 Water	 Water	 Water	 Water	 Water	 Water

	

D.F.:	 1	 1	 1	 1	 1	 1

	

Units:	 ug/l	 ugh	 ugh	 ugh	 ug/l	 ugh
f l-------- f l------- f 1 fl------ f 1	 fChloromethane	 I 	 1U	 1U	 1U	 1U	 1UBromoinethane	 1U	 1U	 1 	 1U	 1U	 10Vinyl	 1 U	 1 U	 1 U	 1 U	 1 U	 1 UChioroethane	 1U	 1U	 1 	 1U	 1U	 1UMethylene Chloride	 4U	 4U	 4U	 4U	 4U	 4UAcetone . . ........ . . . . . . . . . . . . . . . . . 	 2 U	 2 U	 2 U	 2.5 	 2 U	 2 UCarbon Disulfide	 1 U	 1 U	 1 U	 1 U	 1 U	 1 U1,1-Dichloroethane 	 1 U	 1 U	 1 U	 1 U	 1 U	 1 Ul,lDichloroethane	 1 U	 1 U	 1 U	 1 U	 1 U	 1 UTrans- 1 ,2-Djchloroethene.,	 1 U	 1 U	 1 U	 1 U	 1 U	 1 UChloroform	 1.2	 1U	 89%	 6.9	 1.4	 1U1,2-Dichloroethane	 1 U	 1 U	 1 U	 1 U	 1 U	 1 U

2-Butanone.......•.•••••••••••••••	 1 U	 1 U	 1 U	 1 U	 1 U	 1 U1,1,1-Trjchloroethane	 1 U	 1 U	 1 U	 1 U	 3.1	 4.8Carbon Tetrachlorjde.....,	 1 U	 1 U	 1 U	 1 U	 1.6	 2.1Bromodjchloromethane 	 1 U	 1 U	 69 %	 1 U	 1 U	 1 U1 , 2 -Dichloropropane,.........	 1 U	 1 U	 1 U	 1 U	 1 U	 1 UTrans-1,3-Dichloropropene	 1 U	 1 U	 1 U	 1 U	 1 U	 1 UTrichloroethene.,	 3.7	 2.2	 2.9	 1 U	 2.5	 2.4Dibromochioromethane 	 2 U	 2 U	 97 %	 2 U	 2 U	 2 U1,1,2-Trichloroethane 	 1 U	 1 U	 1 U	 1 U	 1 U	 1 UBenzene ..........., . . • . • • 	 1 U	 1 U	 1 U	 1 U	 1 U	 1 Ucis1,3-Dichloropropene	 1 U	 1 U	 1 U	 1 U	 1 U	 1 U2-Chloroethylvjnylether........ 	 2 U	 2 U	 2 U	 2 U	 2 U	 2 UBronioform ....................... 	 4U	 4U	 4U	 4U	 4U	 4U4 -Methy1-2-pentanone ...............	 1 U	 1 U	 1 U	 1 U	 1 U	 1 U



S	 .	 Sni	 - • - --	 -
RFW Batch Number: 8608-682- 	 Client:	 ROCKY FLATS	 Page:

	

Cust ID: ITPH-LAI	 LAB DUP	 MS ITPH-SAI ITPH-LBI ITPH-LCI
RFW#:	 0070	 0070	 0070	 0080	 0240	 0250

fl''-'--- fl .------- f 1-------- fl-------- 	 :
Tetrachloroathene.................. 	 1U	 1U	 1U	 1U	 1U	 ii
1 ,1,2,2-Tetrachloroethane.......... 	 1 U	 1 U	 1 U	 1 U	 1 U	 1

1 U	 1 U	 1 U	 1 U	 1 U	 1
Chlorobenzane..................... 	 1 U	 1 U	 1 U	 1 U	 1 U	 1

1U	 1U	 1U	 1U	 1U	 1
Styrene . . . . . . . . . . . . . . . . . . . . . . . . . . . .	 1 U	 1 U	 1 U	 1 U	 1 U	 1
Total Xylenes...................... 	 1U	 1U	 1U	 1U	 1U	 1
1,2-Djch]orobenzene................	 1 U	 1 U	 1 U	 1 U	 1 U	 1
l,3-Dichlorobenzene ........... ..... 	 1 U	 1 U	 1 U	 1 U	 1 U	 1

1 U	 1 U	 1 U	 1 U	 1 U	 1
Trichlorofluoromethane.,.... .... ... 	 1 U	 1 U	 1 U	 1 U	 1 U	 1
Dichlorodjfluoromethane............ 	 1 U	 1 U	 1 U	 1 U	 1 U	 1

U-Analyzed, not detected. B-Present in blank. NRP-Not Reported
7-Present at less than detection limit. NR-Not requested.



WESINALYTICS
GC/MS "'A SUMMARY

VOLATILE HAZARDOUS SUBSTANCE LIST COMPOUNDS

RFW Batch Number: 8608-682- 	 Client:	 ROCKY FLATS	 Page:

	

Cust ID: ITPH-SB1	 BLANK	 BS
Sample	 RFW#:	 0260	 BLANK	 BS
Information	 Matrix:	 Water	 Water	 Water

1	 1	 1

	

Units:	 ugh	 ugh	 ugh
------------------------------------------- fl. --------- f 3. --------- f 1 -------=- f 3. --------- f 1-------
Chloromethane ...................... 	 1 U	 1 U	 1 U
Bromomethane ........................ 	 1 U	 1 U	 1 U
Vinyl Chloride... ...... 	 1 U	 1 U	 1 U
Chioroethane	 1 U	 1 U	 1 U
Methylene Chloride	 4 U	 4 U	 4 U
Acetone. .................. .. . . . .. . 	 2.2	 2 U	 2 U
Carbon Disulfjde................,	 1 U	 1 U	 1 U
1,1-Djchloroethene	 1U	 1U	 1U

1 	 1U	 1U
Trans-1,2-Dichloroethene 	 1 U	 1 U	 1 U
Chloroform. .......••••••S••e	 1 U	 1 U	 1 U
l,2-Dichloroethane .... ....,	 1U	 1U	 1 
2 —Butanone ........ . . . . . . . . . . . . . . . . . 	 1 U	 1 U	 1 U
1 ,1,1-Trichloroethane.............. 	 1 U	 1 U	 1 U
Carbon Tetrachloride.,....,........	 29	 1 U	 1 U
Bromod jchloromethane. ..... . ... .....	 1 U	 1 U	 1 U
1,2-Dichloropropane................ 	 1U	 1U	 1U
Trans-1,3-Dichloropropene. ..... ....	 1 U	 1 U	 1 U
Trichloroethene ..... ...... ........	 1 U	 1 U	 1 U
Dibromochloroinethane........... ... . 	 2 U	 2 U	 2 U
1,1, 2-Trichioroethane. • 	 .. . eel ....	 1 U	 1 U	 1 U
Benzene ..........•.. . . . . .. I.e......	 1 U	 1 U	 113 %
C i s-1,3-Dichloropropene ........... .	 1 U	 1 U	 1 U
2 -Chloroethylvinylether ... ......... 	 2 U	 2 U	 2 U
Bromoform ...... . ••S•eI•elI•s•..	 4 U	 4 U	 4 U
4 -Methyl-2-pentanone.. ....... ......	 1 U	 1 U	 1 U



d_ ........... .....

RFW Batch Number: 8608-682- 	 Client:	 ROCKY FLATS	 Pa9

	

Cust ID: ITPH-SB1	 BLANK	 BS
RFW#:	 0260	 BLANK	 BS

f 1 --	 f 1 ------- f	 1 ----	 f 1 ---	 f 1

Tetrachloroe thene..................	 1 U	 1 U	 1 U
1,12,2-Tetrachloroethafle..........	 1 U	 1 U	 1 U

1 U	 1 U	 1 U
Chlorobenzene......................	 1U	 1U	 1U
Ethylbenzene.......................	 1 U	 1 U	 1 U
Styrene............................ 	 1 U	 1 U	 1 U
Total Xylenes...................... 	 1U	 1U	 114%
•l,2-Dichlorobenzene..... ..... ...... 	 1U	 1U	 1 
1,3-Dichlorobenzena ...... . .... .....	 1U	 1U	 1U
l,4-Dich]enzene8... .... .... ..... ...	 1 U	 1 U	 1 U
Trichlorofluoroaethane............. 	 1 U	 1 U	 1 U
Dichlorodifluoromethane............	 1 U	 1 U	 1 U

U-Analyzed, not detected. B-Present in blank. NRP-Not Reported
7-Present at less than detection limit. NR-Not requested.



SLUDGE AND POND-CRETE
VOLATILE ORGANICS ANALYSIS

POND 207-A
FEBRUARY 1988
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Volatiles Report
	

r.Ar'r

Flei:	 FE514.1

.a'pe	

Sa.1e ID:	 06062	 06062	 06062	 06063

Inforaaton	 Sample Type:	 FIELD BLANK	 SPIKE	 SPIKE DUP	 TRIP BLANK

Matrix:	 WATER	 WATER	 WATER	 WATER

	

1.2	 1.2	 1.0	 1.0

44'	 I 	 II	 it	 441' Ft

Units:	 UQIL	 U IL	 U FL	 UOIL

Collection Date:	 2-2-88	 2-2-88	 2-2-88	 2-2-88

+:+=+=+:+:+:+:+:+:+ +=+:+:+-_+:+:+:+::+:+:++++++++++++-+ +++++++++++++++++++: +=+++=+_+:++:+

Surrogate Recover y (7.)

Bromaf iiiorobenzene

1 2-Dich1oroetnane-d4

Ch1oroethare

Broixoaetane

Vin y l Chloride

Chloroetflae

Methier Chloride

Acetone

Carbon Disuifde

1, l-Dicioroethene

I 1 1-Dicni -ore ethare

•

c.loroet hen e Tot ait
Ch1oror

1 ,2-Dcr1oroethane

2-Bitarone

1,1, 1-Trchioroethane

Carbo7i Tetracrioride

Vivi Acetate

Bro.oichi oroiethane

I .2-Dichioroprooane

:is-I 13-C'i:hloropropere
Trici oroetherie

Di oromociorcethane

1 • I 2-TrchiQraethane

Benzene
T rans-1, 7-D r h1orooroaere

Broofor

-Met h v1 -2-pentanone

2- He	 one

Tetracnioroethefle

I	 2-Tetrachloroethafle

Toluene

Chiorobenzene

Ethvlbenzere
c.. --

Total ylenes

modifiers: UAnal y ZEO, not detected.
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19-Feb-8	 Volatiies ReDort	 PAGE 1

	

Files:	 FEBI6D	 E88-2124

	

.a1e	

Sample ID:	 3600-19	 36360-19	 06060-19

foraatior	 Samole Type:	 01	 DUPLICATE	 SPIKE

Matrix:	 P-CRETE	 P-CRETE	 P-CRETE

	

1.0	 1.0	 1.3

Units:	 116/KS	 USIKS	 US/KG

Collection Date:	 2-2-88	 2-2-88	 2-2-88

++++++++++++++:4::+:: +:+:+:+: ++++++++:+:++:+:+: +:+:+:+:++++:+ ++++++++++++-+

Surrogate Recovery (7.)

Toiuene-dS

Broaof lucrobencene

1 42-Di1oroetane-a4

Analte:

Ch.roaetane

Broioaethare

Viny l Chloride

Chloroethane

Methylene Chloride

cetone

Carbon Disulfide

1 • 1-Dichioroethene

1 1-Dichioroethane

- I ,2-Dichloroethene(Total)

,

Chiorofori

1 ,2-Dichloroethane

2-Butanone

1,1, l-Trichloroethane

Carbon Tetracnloride

Vinyl Acetate

oicIoromete

crlorop rop an c-

c i5-i 3-Dichroeroene

Tnic1oroetrene

Di bromocni oro.etr.ane
•	 4	 -	 t .- 1.	 -
L.A,-n1.2O. oe.flcne

Trans-i 3-Dic1ororoere

Br c; of or

4-Mety1 -2-nentan or, e

2-Hex anone

Tetrachi oroetflene

I • 1 ,2,2-Tetrachioroethane

Toluene

Chiorobenzene

Eth lb eric en e

St yr Cr

Total Xilenes

Modifiers: IJ :Arai y :ed, not detected.



13 11

IC U
10 U

10 U

511

IC Ii
C
,JJ
C I:
'.4
C
'4

511

'4;

'I

IC U
c -;

1j

C
44

13 U

C

CU
C
aL

C U
44

511
511

511
CU
'.4

13 U
a ii

H U

511
C
a

C 4

511

511

C
-4

1011
10 U

1211

to u
C U
aU

C
-4

511
CII
'.4

.4

aU

C'
-4

H

C I;
"U

10 U
511

511
C U

51i
a

C I

CI
4

511
C

II'C

101,
C

511
511
C
a

511
C
14

C

In U
IL '4

12 U

10 U

10 U
511

I!

511
CII
.4
C I:
"U

I'
17

C II

ik U
C II

C
'4

511
S 

U

511

511
C 4'

1011

1011
CU

Ct

511
C
a

511

CI
-4

10 U
13 U
12 U

10 U
C U
-.4.

vL

C I
'4

511
CI

C
'.4

C.

511

15
.44
C I'
".4

1311

511
C.
'I

C"

5U
C U
"U

C'
'.4

511

I	
II

L 44

10 11
C U
"U

511

C
"U
C
'.4

511
C
a

In I:
LU LI

10 11
18 U
IC U
CIi

U

10 U

511
CI,
-4 '4

5U

511
5U
CI
"I

IC U
C 4;

C II
-44

•1LI

CI1

4 '4

-4.-'

C .4

-4.4

511

C 1

511
In U
LU U

1011

6
C''
"U

511
C
.4
C

C
'4
CI 

10 U
12 U

12 U
10 U

C
-4

33

5U
5U

511
511

19
C
S

511
12 'U

C
'4
C II
"U

C U
I'

C
'.4

C II
'4

C
.4

511

10 U
10 U

C
'I

C'
-I

511

5U
C II
"U

511

84

122

102

a

98
100

83

108
lid

98

108
a

L)

134

74
Be
96

19-Fe-GS
	

Volatiles Report
	

PAGE 1

FEBIbC	 E88-2124

gp^ Sa m ple ID:	 060o0-13	 06060-14	 000-15	 06060-it	 2a06@-17	 0o060-18

WtOration	 Sample Type:	 01	 01	 01	 01	 01	 01

Matrix:	 P-CRETE	 P-CRETE	 P-CRETE	 F-CRETE	 P-CRETE	 P-CRETE

	

1.0	 1.0	 1.3	 1.0	 1.0	 1.0

Units:	 US/KG	 US/KG	 116/KG	 JGJKS	 US/KG	 US/KG

Collection Date:	 2-2-88	 2-2-8	 2-2-88	 2-2-88	 2-2-88	 2-2-88
_+:C+C++: ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++_+=+C+=+

E:urroqate Recover y	)

Toluene-68

Broo4 luoroberzene

I .2-Dichloroe4,hare-d4

Anal vte:

Ehi orc'etnare
Br osaet r an a
Vin y l ChIorie
Chioroethane

ethylana Chloride

Acetone

Carbon Disuiide

1, 1-DicrIoroethene

1 • 1-Dicrlorethane

•i	

:r1oretteneJota1

L' !L

1,2-DichioroetnanE

2-Butanre

1 • I, 1- 71 richioroethane
--	 . .	 4n ..rCc;or . ue

Vn y i Acetate

Broaodi chi oroLethane
1,2:i:nioroprooane

cis-1 ,.-Dicnlc'ropropere

Tr:nlcroetnene

D 1 Dr OCi orcethane

1,I,2-Tricriorc.etnane

Trans-i ,3-Dichlorooropene

Bronofor

4-Meth y l -2-pentarone

2- He an a n e

Tetrachi oroethene

1, 1,2,2-Tetrachioroethare

To uene

CIII arobeazene

Ethylbencene

St y r ene

Total Xyienes

Modiiiers: U : An a1 y:ed not detected.



.4
	

190
	

84
	

0
	

66

	

80
.4
	

104
	

108
	

0
	

75

	 •..•1

94
	

122
	

90
	

2
	

88
	

96

10 U
10 U
18 U
10 U
C II

ii

5U

C

C I,

5U
10 U
C .1

12 U
C
.1

Cl
-I

5

CU
C II

C

Cl
.1

12 U
10 U

C

C

C

Cl

5U
5 

C
-J

10 U
12 U
10 U
10 U
C II

18
C
.1

C

5U
5 
C II

C

LO ILI'

C II
,J

12 U
51J

5U

C

C II
'Ju

C II
.1 U

10 U

10 U

24

C

5U
C

5U
C II'Ju
C

10 U
LL U
12 U
10 U
C II

C

5U
5U

CII'JU
10 U

._j	I_i
12 U

C 'I

S
C

S

5U
5U

10 U
10 U
CIl'JU
C.4
C II'Ju
C.2
C

S U

12 U
IIil U

10 U
10 U

C 4'

12 U
C I

1i U
5U
5U
C I

II II11 U
C-4
C

12 U
C II-i.
C II
C	 II
C

I!

C II

12 U
10 U
CU
CU
C II
.4 .4

CII
.4 .4

5U

C II

C II
1.4

10 U
3v

12 U
10 U

'0

C'-4
5U

C
CJL4

C I!
C I;.4LI

12 U
l	 '.1

C II

C.,

CU

5 
C II1U

10 U
12 U

'-4
C1
C
.4

CII11 

12 U
4,1A'..
10 U
10 U

2.5
5u
5U
CI.,
'U
C 1

5U

.4
C IIU

AV U
C II.4'.)

S U

C I

C.lJ'J
10 U
10 U

C
C II.4.4
C

5U
C I'
C'a
C
.4

VolatUes Reoort 	 PAGE 1

	

FEB165	 E82-2124

is

I`
eai p le ID:	 06060-7	 06060-8	 0600-9	 06060-10	 OôOãO-it	 06060-12

	01 	 01	 01Graation	 Sa øle T yp e:	 01	 01

Matrix:	 P-CRETE	 P-CRETE	 P-CRETE	 P-CRETE	 P-CRETE	 P-CRETE

	

1.0	 1.0	 1.2	 1.0	 1.0

Units:	 U6/KG	 US/KG	 UG/G	 US/KG	 U6/KG	 UGIKG

Collection Date:	 2-2-88	 2-2-88	 2-2-88	 2-2-86	 2-2-88	 2-2-89

Surrogate Recover y ()

Toluene-dS
Broao I uorobenzenE
I ,2Cich1oroethane_d4

Anal vte:

C1 ,rrethare
rsoaetflane

Vin y l C.1rde
Chiorcetnane
Meth y lene Chloride
Acetone
Carbon Disulfide
I, 1-Dichicroethene

1-Dcloroethane
I • -Di cnl oroethens Total)

1orofora

W2_Dlchloroethane
ut an or

1,1 ,l - Tracnloroetnans
I'.	 •r s	 ..i-l-
L g ruon	 eLr . .tLur1 -
Vinyl Acetate
Sroaooichi oroetrane
1,2-Dch1ororooane
ie-,-Dich1orosrooene

Tricrioroethere
D:broochloro;ethane
1 1 .2-TricUoroetnane
Ben-,ere
Trans-i .3-Dichiorooropene
Bro&otor
-Netnv1 -2-nentanone

2- Hex an one
Tetrachioroethene
1,1 ,2.2-Tetracrdoroetrane
Toluene
Chlorooenzene
Ethylbenzene
Styrene
Total Xyleres

S
Modifiers: UAna1 yzed, not detected.



84
	

120
	

86
	

88
	

0

	

94

86
	

82
	

100
	

92
	

2

	

94

122
	

104
	

Q4
	

I 28
	

0

	

184

12 U

10 U

12 U

12 U

20

111

CH
'Ju

C U

10 U

C
1

10 U
C

511
C
.4

1j
C	 I

51J

5U

¶11

12 'J

10 U
CI
'.4

5U
C
.1

511
C

C

511

12 U

10 U

10 U

12 11

C I
-I

CI
-I

C II

C,U
C	 1

C

IL

C

It,
Lv

C 'I

5U
CII
-ju

511

511
C

C II

12 U

10 U
C U
..J U

CII
-'U
5U
C

511

511

10 U

12 U

12 U

12 U

511

12 U

-'U

511

C II

C II
'.iu

12 U
C

C
-'U

10 U

C

C H

C II
-'U

511
C H

511

10 11

IOU

6

511

511
C II-'U

C I!

10 U

12 U

12 U

10 U
C
U

24
C

CU
.Ju
C
U
C II
SjU

511

511

14

10 U
C IUi-i
C	 *1
-Iii
C I
.4	 I

Ii i-,
C II

Ui-I
CU

C II

10 U

12 U

11
CI
-I

5U

C II-Ii-,
C H

10 U

12 U

10 U

10 U

511
II.I;
Lu 1.1

C'U

C i

C
-I

IC .
-'U

¶11

C I'
.IU

12 U

511

511

4(1 U

511

511

C II
U U
C I:
.-Iu
C,

C
-I

.511

.511

12 U
In I!
IL U

C
U

511

C
U

C
-I

C II
,.IU

C H

12 U

10 U

12 U

12 U
C U

In 2

SD

511

511
C
.1

C.,U.':.'

I,

511

10 U
C II-.1	 .1

CU

CI
'.4

II

511
C

511
C
U

10 U
4 IIIt

U

511

511
IC I

.14.4

511

511
C II
-'U

Volatiles Revart,	 PAGE 1

8-2 124

Sale ID:	 06062-1	 26060-2	 26262-3	 06060-4	 26260-5	 06262-6

Saici Ty :	 21	 01	 01	 21	 01

Matrix:	 P-CRETE	 P-CRETE	 F-CRETE	 P-CRETE	 F-CRETE	 P-CRETE

	

1.2	 1.2	 1.2	 .2	 1.2	 1.2

Units:	 UG/KG	 116/KG	 116/KS	 U6/KG	 U6/8	 US/KG

Collection Date:	 2-2-68	 2-2-86	 2-2-88	 2-2-88	 2-2-88	 2-2-88

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++:+++++++++++: +++++++++++++++++=+:+:++C  +:+:+:+=+:+=+=+-_+++:+

::te Recovery (1)

orobenze'.e

::;ethane-d4

:rEtE

e1s ChIorie

.iifid

i,1-:i:hioroetnene

1.-t1oroethare

1.-1r1:r13ezh3e

C:: ietracnicr1a

-:eate

r:.hiorometnae

Tr : on

i::-T:lorcetar

eatarone

Etr a: I roe there

1, 1,	 -Tetra:hIrcetane

r . 1rE: . : Analyz ed, riot detected.



Recrt	 ASE

EFE3

Sac-pie Type:
SOIL

D.F. :	 I.:

Extraction ttE:	 11585

U
330 U

EA -MusuQuese	 S20 .1 *

E06imosswKe	 236 L;

Diath-AhmilatE 	 330 U
—Ehhrohaw i-Aend E h e r

,qituavii.0	 1610

16	 UI
4riivI-phenviet

rbe:eE
WOU

Phena p hrene	 33: u
tr3cne	 33 9

40

	

	 FVrent	 220 U

w "Whyl Phhd a k	 33:
; wsm""ere	 42i

t.i 5r:,
h3AARAmmaddholl

Mom	 2H

y wF l uorm th e m

ipm ; 0 lowthene	 1:0 j,

471 v^^We	 Z30

0



:l-"
,10	 £SF., i Vc 1	 Recrt

a:1a	 E2E125aie L:
infoation	 Sale Typ

jr

	

Extra:uc	 Eta:	 2.I.EE.

urrcQa:E

trcer:e-:

eroi-
crt.:•

rer, i

	

i	 Iccrci

E-1etr I:

	

ia:	 c e
r ct e 2

a-NtrcrercI

CZCiC	 c:•a

-Ch1oro-3-;eyIrienc1
-ethyiriaprtria1ee

Hex a di icr oc vc ic en tad i
-TrhIcroercI

5-Trich1crcpenci(
E-Thicrcr;ctraiere

tetri F-trite
iee

-Nitr1lire)

.

n

U

U

i.

U

.:

U

U

Li

ij U

U
Li

1 1 ' y U

- -

c j fiero;	 -ai:ed. no  detecte:.



JL	 E1L	 301L

1,:	 :.:	 1.0	 1.:

LiE/b

	

U0 , -. 1.3	 Li6.E	 UG.?6

r a:tc	 &t	 2; 12i93	 2; 12:23	 2; 1E/2E	 2; i2S6	 2.	 .E	 2!15!3

	

Z.

i0 U	 i6) Li	 :o:	 6OO U

-	 1	 U	 I	 i	 L	 c	 ' a')

33:

	

	 33) U

330U

	

33:JL	 33:.	 33 U

	

I	 3.	 L	 33,i U

3	 U

330 U	 33: u	 330	 ;	 ;a 1

£-	 £ 0	 II	 01.	 Ii

i	 I

I	 E	 8 q,	 e	 .0	 a	 '.	 1	 1.

-	 ,.. I ;	 ii	 331) j

-	 -	 I	 •1II	 . 	 L	 1.

.11.	 I.	 La	 a	 1J	 U

330U	 330u	 ;3.0	 3301	 330U

-	 33	 1:	 53: 0.	 .i	 3., 
L	 330 U

•

r r - 66i , L1

5110	 330	 320	 :s:

530 U	 230 U	 U	
.:. H	 U

T	 ri	 -	 II

r	 I	 U	
1.1	 Ii

-

33 U	 U	 330	 350 U

330 U	 520 U	 330	 33.	 3.3:. 0	 U

riu:E, r, o t d etecte.



S

Ho U

320 u

30 U

220 u

222 u

u

351 u

U

H

ILI

U

221 u

U

Li

Ii

232 u

L1

TO u

320 u

U

U

'S

110 U

ED 0
230 U
3K 0
27 u

Elk u

SID 2

Ell 0

33 U

Li

320 0

330 U

TV

TED 

U

U

Li

TV

SID 0

HG L

235 L

U

U

U

100 U
U

U
120 u

U

32 D

U
'Si

U
221 U
330 U
ss: u

U
2S n U
330 U
'330 U
530 U
525 u
•330 U
33C, U
330 U

:v U

230 U

EWEPH
	

Seff:i.1u1eE F:crt
	

PE I I

. SPIKE

Two;	 EHREARmah A	 06065-A	 06010-17	 0060-16	 •.:49 600094A OA01090i

Information	 Saole Type:	 I	 0 	 v	 0 1	 01	 01

	

SOiL	 EEL	 EML	 SMI	 SOIL	 SOIL

D.F. :	 1.:	 1.:	 1.0

Units:	 USAG	 UNG	 UG36	 UGAG	 UE!..s

Extraction t,tE:	 12,55	 E/i2E3	 2!iE23	 2,1218	 2153	 2/154e

:+:+:+4:+:+:4:+:4:+:_-:+:+:+:f:.:+:+:4: f:,:.: _4:+:	 +:++:t++:t:.:.p:	 +++***+#t+++?

Surrogate F.Eccvrv

C

2-Fcre1
	 C:

-

S

S

Analyw

Fenc1

WOW rcethiOAF

Wmougewl

I ,3-ti1hrc.berEnE

Atnwe7w

e;cricrorbtier

-Cricro-3-metr'

HExacfl1ricicEtieE

E ,4-Tr1ch1crc1•



1'ltiiE Rt	 AE El

OREFEE3
:-iSie i:

S' p 1e	 J1

Mat ri:	 EÜIL	 SOiL
1.0	 1.0

Units:
Etracuc tt:Etl5/S	 E/i/6E

trc p enchE	 100 U	 U

	

1001 U	 15)0 U

	

U	 330 U

330 U	 330
330 u
330	 33:.
33:i U	 E.3: U

33:) U	 U

tr•:;ii:eE

am : rle
El.

1

rec icrc:e	 3::,	 33:

!.:'_h'
Fn	 33:	 33)

3.30 L	 ' U

-r-Etl htaie30 U

.	 •.

	

U	 U

3::; L'	 i;:, U

iE'. ; r'fitrate	 .
U

inr

1	 33: U

ann-

33: U	 330 U

.

LAii1e' r . t detected.



U

LI

II

U.

I:

D3 U

U
33• U

U

U
:t)

U
1:c U

U

U

U
;

iô. U

.3O LI

:EiiiaUie Recort	 PAGE

. FILE	 FEFEE
Ea p ie	 :*EEiaje ID:	 l5

EaB p ie Toe:	 l
Matri y	5IL	 EI

E:tra:tic	 tte:	 E 5	 IE

Sur r ogate Recovery	 i

Nitroeri:ene-o5
E-Fi'rce ovI
Trprerv1-oi

E-Fijrr:herc I

fl

te:i	 ci

-r-c;v	 T.iO

He:riiroetrace
Nen:ee

en:cic
.1etrae

ortraiene
 C, r C- i Pi 1 I	 e

heacricrcroutaiFIE
4-Clcro- - netr/Iprerc.
2-Met r vi nap r. t hale re

Hexa:iorccvicpentad:ene
!,a-Tr1cflIcopnenc1

2,,-Tr:cn1crorioi
E-Chicrcnaphtraiee
i-Ni troani

oetrvi Fritralate
cenarfltri lene
-PJtrarihneE
cenartnere

.

S
oO1f1erE: UNnaI y Zed . nct detected.



C 	 _ I

P EEK -	.
ID:	 o-o	 1	 :oo•-i

information	 Sample Toe:	 01	 Ui	 01	 01	 01	 01
Matrix:	 SOILBOIL	 SaiL	 BOIL	 SOIL	 SOIL

	

1..)	 1.:	 to	 1.0
Units	 UGnS	 US3	 USIhB
Extraction Date;	 2 0/SB	 a	 1 6E.	 a 1EIS3	 2' tB/55	 2I5•BE.	 2 1,'8E

2,-&in1trc.heo1E!	 160) u	 i&o u	 ioo	 oo	 i.00 u
-itrprenc 12)	 100 UU	 16 1(; u	 !.::F U	 100 U	 160) U

	

1ben:cTur.n 230 U	 330 0	 230 0	 330 U	 550 U	 530

	

530 U	 .33:. U	 350 L	 333 U	 330 U
-t n.ttc1uene	 330 0	 •:u	 330 U

etirtrte	 330 U	 330 U	 350 U	 350 U	 350 U	 350 U
- -niDhenvi- preyiee	 u	 330 u	 u	 ::o u	 330 u
irer	 350 U	 330 U	 ;3: u	 U	 550	 330 U.

-trcari1ieE	 U	 i00 U	 I00 U	 iCOO U	 U	 1600 U
-itro-E -me thy1herEi	 io03	 kO0 U	 1600 ii	 100 U	 0..	 IaOO U

	

16(3 U	 1600 0	 1600 U	 100 U	 U	 i600 U
- 	 cer: i-pherietrier	 350	 U	 33: 0	 320 0	 530 0	 330 U
Hhicrcberzee	 530 U	 530 U	 330 15	 330 U313	 330 U
Per.tairpher3l	 1')' o	 .	 io:3 u	 ioo U	 10:. U	 1600 U
heathree	 330 L.	 330 15	 33: o	 33:	 33:: 1	 350 U

Atrrce	 330 U	 530 U	 330	 520 0	 230 0	 320 0
o:--Sutv1 Phthite	 350 U	 3T U	 330 U	 530	 320 U	 330 U

W	 Fuctre.e	 101	 :.'	 1B
Fvere	 350	 330 0	 333	 33: U	 330 15	 330 L
Bv1 Seizv1	 tnaie	 3.5. 0	 330	 330 0	 :s: 0	 333 U	 330

	66) u	 u	 60 U
3:00	 :::o	 :::

	

33) U	 :s:	 :33	 330 U
I!

r:c.rntfler.e	 330 U	 330 U	 350 15	 530	 .3.	 U
F1u,a ii tere	 320 U	 u	 23..' U	 '•:	 33'3 U

	

u	 u	 3:': 15	 .	 s::

I1,E,3-c . iPyrene	 35: U	 330 o	 550 u	 s:: o'	 s::	 s;o U
tten:	 ' rthracere	 3:15' U	 333 L	 s::	 3315	 3315 u	 s:: U

	

3315 15	 33: 15	 33151	 z	 15	 3515 15	 333 U

dfi.er: U=r,i v -,e. n ' t detected.



•	
.: 3:
	 i . E::.e	 .:::.E	 .::	 .:.:	 .::	 .3

E::a:ti	 We:	 E0.
=

U rrcte Recceri (!

	

trcer:ere-a
	 21 00

	
1.

E-Ficobiphensi
Tcren i-d1e	 'I U

Fneoi-d3
	

si
	 1w

	
23

5-FiUcherc1
	

goo
	 •1

041rrcrnçhi'cI
	

15,0:
	

11
	

17

Analyte:

11111

U
,t.i	 i_i

35.) L

U

U

311 0

330 U

31D u

320 u

330 L

ho 6

326 u

S30 U

O0

Al

530 u

350 U

:'j u

330 U

330 U

i00 U

530 U

NO U
'U

Pen I
bisE-Corcethirer
-ircrrieiii
Alidlucbmwe

erz'
I 2-h1croe•iene
E-ietihei

A-iithv Ic hen. 1
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S
207-B SOLAR POND
NORTH AND CENTER

QUARTERLY METALS ANALYSIS
AUGUST 14, 1987

LAB NO. E87-3918

S

0



CHARGE: 331

ANALYSIS REPORT

BLDG: T452B
DEPT: ENV. ANALYSISTO: R.L.HENRY

CC: FILE

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

ROCKY FLATS PLANT
881 GENERAL LABORATORY

'II
LAB HO: E87-3918
DATE: AUGUST 14, 1987

SAMPLE DESCRIPTION:

207B SOLAR POND NORTH (QUARTERLY)

EMISSION SPECTROGRAPHIC RESULTS

S
ELEMENT

Ag
Al
As *
B
Ba *
Be *

B 
Ca *
Cd *

- Ce
Co
Cr *
Cs
Cu
Fe
Ge
Hg *
K *
Li
Mg *
Mn

Mg/L

<0028
<.0028
<.01
.14

<1.0
<.05
<.014
96.0
<.01
<2.8
<.014
<.05
<.28
<.014

057
<.014
<.002
89.0
1.7

88
<.0028

ELEMENT

Mo
Na *
Nb
Ni
P
Pb
Rb
Sb
Se *
Si	 *

Sn
Sr
Ta
Te
Th
Ti
Ti
U
V
W
Zn
Zr

Mg/L

<.0028
820
<. 14
<.028
<.14
<.0028
<.28
<.028
<.01
2.1
<.028
.14

<.028
<.28
<.028
<.014
<.014
<1.4
<.028
<1.4
<.14
<.028

* ATOMIC ABSORPTION SPECTROPHOTOMETRIC RESULTS.

** NOT RUN

TOTAL SOLIDS: 2829

ANALYSI S BY:	 _R2D LDL P

	APPROVED
PLATE NO:	 3399



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

ROCKY FLATS PLANT
881 GENERAL LABORATORY

ANALYSIS REPORT

LAB NO: E87-3918
DATE: AUGUST 14, 1987

TO: R.L.HENRY
	

BLDG: T452B
	

CHARGE: 331

CC: FILE
	

DEPT: ENV. ANALYSIS

SAMPLE DESCRIPTION:

287B SOLAR POND CENTER (QUARTERLY)

EMISSION SPECTROGRAPHIC RESULTS

ELEMENT

Ag
Al
As *
B
Ba *
Be *

Ca *
Cd *
Ce
Co
Cr *
Cs
Cu
Fe
Ge
Hg *
K *
Li
Mg *
Mn

Mg/L

<.0032
<.0032
<.01
.13

<1.0
<.05
<.016

95.0
<.01

<3.2
<.016
<.05
<.32
<.016
.13

<.016
<.002

98.0
2.9

86.0
<.0032

ELEMENT

Mo
Na *
Nb
Ni
P
Pb
Rb
Sb
Se *
Si *
Sn
Sr
Ta
Te
Th
Ti
Ti
U
V
W
Zn
Zr

Mg/L

.019
800.0

<.16
<.032
<.16
<.0032
<• 32
<.032
<.01
1.4
<.032
.16

<.032
<.32
<.032
<.016
<.016

<1.6
<.032

<1.6
<.16
<.032

* ATOMIC ABSORPTION SPECTROPHOTOMETRIC RESULTS.
** NOT RUN

TOTAL SOLIDS: 3226

ANALYSIS BY:	 R2D,DLP

PLATE HO	 3399	 APPROVED BY



S
207-B SOLAR POND
NORTH AND CENTER

QUARTERLY METALS ANALYSIS
NOVEMBER 30, 1987

LAB NO. E87-4254

S



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
ROCKY FLATS PLANT

881 GENERAL LABORATORY

ANALYSIS REPORT

LAB NO: E87-4254
DATE: NOVEMBER 30, 1987

TO: R.L.HENRY
	

BLDG: T452B
	

CHARGE: 331
CC: FILE
	

DEPT: ENV. ANALYSIS

SAMPLE DESCRIPTION:

207B NORTH (QUARTERLY)

EMISSION SPECTROGRAPHIC RESULTS

.

ELEMENT

Ag
Al
As *
B
Ba *
Be *
B 
Ca *
Cd *
Ce
Co
Cr *
Cs
Cu
Fe
Ge
Hg *
K *
Li
Mg *
Mn

Mg/L

<.003
<.003
<.01
• 09

<1.0
• 06

<.015
180.0

.01
<3
<.015
<.05
<.3
<.015
<.03
<.015
<.002

64.0
6
80..0
<.003

ELEMENT

Mo
Na *
Nb
Ni
P
Pb
Rb
Sb
Se *
Si *
Sn
Sr
Ta
Te
Th
Ti
Ti
U
V
14
Zn
Zr

Mg/L

003
770.0

<.15
<.03
<.15
<.003
<.3
<.03
• 024

<.5
<.83
.21

<.03
<.3
<.03
<.015
<.015

<1.5
<.03

<1.5
<.15
<.03

* ATOMIC ABSORPTION SPECTROPHOTOMETRIC RESULTS.
** NOT RUN

TOTAL SOLIDS: 2996

•ALYSIS BY:
	 R2D,CM

PLATE NO:34438	 APPROVED BY



py
CC: FILE

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
ROCKY FLATS PLANT

881 GENERAL LABORATORY

ANALYSIS REPORT

BLDG: T452B
DEPT: ENV. ANALYSIS

LAB NO: E87-4254
DATE: NOVEMBER 30, 1987

CHARGE: 331

SAMPLE DESCRIPTION:

287B CENTER (QUARTERLY)

EMISSION SP ECTROGRAPHIC RESULTS

fl
ELEMENT

Ag
Al
As *
B
Ba *
Be *
Si
Ca *
Cd *
Ce
Co
Cr-	 *
Cs
Cu
Fe
Ge
Hg *
K *
Li
Mg *
Mn

Mg'L

<.0035
<.0035
<.01
.071

<1.0
<.05
<.018

66.0
.01

<3.5
<.018
<.05

35
<.018
<.035
<.018
<.002

110.0
3.5

91.0
<.0035

Mg'L

0035
650.0

<.18
<.035
.18

<.0035
<.35
<.035
.019

1.6
<.035
.14

<.035
<.35
<.035
<.018
<.018

<1.8
<.035

<1.8
<.18
<.035

ELEMENT

Mo
Na *
Nb
N 
P
Pb
Rb
Sb
Se *
Si *
Sn
Sr
Ta
Te
Th
Ti
Ti
U
V
1.1
Zr,
Zr

* ATOMIC ABSORPTION SPEC TROPHOTOMETRIC RESULTS.
** NOT RUN

TOTAL SOLIDS: 3543

, ,ORLYSIS BY:	 R2D,CM	

-p	
-1

ATE NO:	 34438	 APPROVED BY .



207-A AND 207-C SOLAR POND
QUARTERLY ANALYSIS RESULTS (LIQUID)

MARCH 1987 TO MARCH 1988

0



ANALYTICAL REPORT
. ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.O. BOX 464
GOLDEN, COLORADO 80401

GENERAL LABORATORY
BUILDING 881

.

Analysis

pH (S.u.)

NO 	 as N (mg/L)

T. D. S. (mg/L)

CN (ppm)

Be (ug/mi)

Gross Alpha (pCi/L)

Gross Beta (pCi/L)

Pu-239 (pCi/L)

Am-241 (pCi/L)

U (pCi/L)

Results

10.8

9650

93850

*

*

(1.3 + 0.1) x io

(1.4 ± 0.1) x

(3.0 + 1.3) x 102

(1.9 + 1.5) x 10 

(1.4 + 0.09) X 10

DISTRIBUTION:	 LAB NUMBER: E87-3384
DATE:	 7-22-87

C. T. Ilisley, HS&E T452B	 ACCOUNT NO: 900458
_R. L. Henry, HS&ET452B
File 

APPROVED:
A. Blair

SAMPLE DESCRIPTION

207 C Solar Pond - Quarterly - Received: 3-27-87

ANALYSIS RESULTS

P1

* Not requested.

0



ANALYTICAL REPORT
. ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.O. BOX 464
GOLDEN, COLORADO 80401

DISTRIBUTION:

T. C. Greengard, RCRA/CERCLA T452F
ri	 e.._..it.i

GENERAL LABORATORY
BUILDING 881

LAB NUMBER: E87-4150
DATE:	 1-12-88
ACCOUNT NO: 900458

.'. L.. )ULLUUIdU, nn 1452D
File

APPROVED:/ 
. Blair

SAMPLE DESCRIPTION

207 A & C Solar Pond - Quarterly - Received: 9-14-87

ANALYS IS RES ULTS

fl'
Analysis

pH (S.TJ.)

NO 3 as N (mg/L)

T. D. S. (mgIL)

CW (ppm)

Gross Alpha (pCi/L)

Gross Beta (pCi/L)

Be (ug/mi)

2O7A

10.1

19,200

127,000

0.1

(8.0 + 0.1) x 10

(2.1 + 0.2) x io

2.0

207C

10.6

21,400

146,400

0.5

(4.1 + 0.3) x

(3.4 ± 0.1) X

not available

*Plutonium, Uranium, and Americium were canceled per telephone

conversation with C. L. Sundblad, 1-12-88.

0



ANALYTICAL REPORT

S

ROCKWELL INTERNATIONAL
AEROSPACE OPERATIONS
P.O. BOX 464
GOLDEN, COLORADO 80401

GENERAL LABORATORY
BUILDING 881

S
Results

10.5

20,600

162,400

(4.6 ± 0.8) X

(4.4 + 0.4) x

(3.3 ±. 0.4) x

(0.0 + 2.7) X 10

(4.0 ± 0.1) X

Analysis

pH (S.U.)

NO 	 as N (rng/L)

T. D. S. (mg/L)

Gross Alpha (pCi/L)

Gross Beta (pCi/L)

Pu-239 (pCi/L)

Am-241 (pCi/L)

U (pCi/L)

DISTRIBUTION:	 LAB NUMBER: E87-4483
DATE:	 3-14-88

C. L. Sundblad, HS&E T452B	 ACCOUNT NO: 900458

File	 /I7
APPROVED:__________________

7/J. A. Blair

SAMPLE DESCRIPTION

207-C Solar Pond - Quarterly - Received: 12-07-87

ANALYS IS RES ULTS

r



UNITS

mg/ L
pCi/L
pCi/L
S. U.
mg/ L
mg/ L
ppm
pCi/L
pCi/L
pCi/L

LOWER
LIMIT

0.00000
0.00000
6.00

-! ) D

UPPER
LIMIT

40.00000
50.00000
9.00

GENERAL LABORATORY	 BUILDING 881

I 03/28/88	 ANALYTICAL REPORT	 15:02
Page	 1

LAB'NO	 : 88.ENV.02326

wicwell International
Aerospace Operations

DISTRIBUTION
Sundblad	 1-IS&E	 T452B

T.C. Greengard RCRA/CERCLA 750
File

SAMPLE DESCRIPTION

P. 0. Box 464
Golden, Colorado 80402

Lab Number: 88.ENV.02326
Account No: 905-

APPROVED:	 /	 • 7
,JU'dY /A) lair

Pond 207-C; quarterly.
Sample Logged in: 03/14/88 15:17

ANALYSIS RESULTS

TEST	 RESULT

Solar Pond 207
Beryllium (HSL metals) 0.1
Gross Alpha	 (4.6+0.6)*E+04

lo

ross Beta	 (3.4+0.3)*E+04
H	 11.3
otal Dissolved Solids	 175,800

Nitrate as N	 12,000.
Cyanide by chem analysis 0.480
Plutonium 239	 (2.1+0.3)*E+03
Americium 241	 (2.9+0.3)*E+03
Uranium	 (4.0+0.2)*E+04

Collection Date 03/14/88

I1 * I1 Indicates this analysis did
not meet the control guide.



.

207-B SOLAR POND
WEEKLY ANALYSIS RESULTS
OCTOBER 1987 TO JUNE 1988

0



ANALYTICAL REPORT
.	 ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.O. BOX 464
GOLDEN, COLORADO 80401

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:	 LAB NUMBER: E87-4245	 -
DATE:	 10-30-87

IC. L. Sundblad, T452B EM	 ACCOUNT NO: 900458
E. R. Naimon 374 Wste Ops
T. C. Greengard, 750 RCRA/CERCLA
File	 A. B1aiF-

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B	 1) North	 1) Center
(Weekly Sample)	 Received: 10-12-87

Anal ysis	 North	 Center

PH (S.TJ.)	 8.4	 10.5

S
NO 3 as N (mg/L)

Gross Alpha (pCi/L)

Gross Beta (pCiIL)

332

99 + 15

67 + 3

379

57 4- 21

154 4- 21

0



S	 ROCKWELL INTERNATIONALNORTH AMERICAN SPACE OPERATIONS
P.O. BOX 464
GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:	 LAB NUMBER: E87-4288
DATE:	 11-05-87

C. L. Sundblad, T4528 EM	 ACCOUNT NO: 900458
E. R. Naimon 374 Wste Ops
T. C. Greengard, 750 RCRA/CERCLA	 APPROVE 
File

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B	 1) North	 1) Center
(Weekly Sample)	 Received: 10-19-87

Analysis	 North
	

Center

pH (S.tJ.)
	

8.5
	

10.5

NO  as N (mg/L)	 ----335
	

385 -

S	 Gross Alpha (pCi/L)	 —133 • 3
	

t 3

Gross Beta (pCi/L)
	

97 4- 21
	

119 + 56

S



.

ANALYTICAL REPORT

LAb'iKittOK't

bULL1JLt'(, Oct

ROCKWELL INTERNATIONAL
NORTH AMERICAN SPACE OPERATIONS
P.O. bUX 'ø+

(ULL, LULUtJJj 0u401

DISTRIBUTION:	 LAB NUMBER: E87-4311
DATE:	 10-30-87

'C. L. Sundblad, T452B EM	 ACCOUNT NO: 900458
E. R. Naimon 374 Wste Ops
T. C. Greengard, T452F RCRA/CERCLA	 APPROV D:
File	 A. -Blair/

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B	 1) North	 1) Center
(Weekly Sample)	 Received: 10-26-87

Analysis	 North	 Center

pH (S.U.)
	

8.5
	

10.2

NO 3 as N (mg/L)
	

334.2
	

346.4

Gross Alpha (pCi/L)
	

52 + 20
	

105	 5

Gross Beta (pCi/L)
	

106 :!: 32
	

72 ± 16

S



.

Center

10.0

401

52 ± 3

114 + 24

Analysis

pH (S.IJ.)

NO 3 as N (nig/L)

Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North

8.2

363

92 + 7

107 :t. 3

ANALYTICAL REPORT
.	 ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.O. BOX 464	 GENERAL LABORATORY
GOLDEN, COLORADO 80401 	 BUILDING 881

DISTRIBUTION:	 LAB NUMBER E87-4385
DATE:	 11-13-87

C. L. Sundblad, T452B EM 	 ACCOUNT NO: 900458
E. R. Naimon 374 Wste Ops
T. C. Greengard, 750 RCRA/CERCLA 	 APPROV •(
File 

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
	

1) North	 1) Center
(Weekly Sample)
	

Received: 11-09-87

L



.

ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
NORTH AMERICAN SPACE OPERATIONS
P.O. BOX 464	 GENERAL LABORATORY
GOLDEN, COLORADO 80401 	 BUILDING 881

DISTRIBUTION:	 LAB NUMBER: E87-4414
DATE:	 11-24-87

L. Sundblad, T452B EM	 ACCOUNT NO: 900458
- E. R. Naitnon 374 Wste Ops
T. C. Greengard, 750 RCRA/CERCLA
File	 A.-Blair -'

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B	 1) North	 1) Center
(Weekly Sample)	 Received: 11-16-87

Analysis	 North	 Center

pH (S.tJ.)
	

8.3
	

10.0

NO 3 as N (mg/L)
	

350.4
	

378.0

Gross Alpha (pCi/L)
	

105 + 32
	

55 + 25

Gross Beta (pCi/L)
	

102 + 51
	

92 + 50

L



I GENERAL LABORATORY	 BUILDING 881-

I 11/30/87	 ANALYTICAL REPORT	 15:54 I
Page 1 ==

W

B'NO : 87.ENV.04443

e11 International
North American Space Operations

DISTRIBUTION
Z. L. Sundblad HS&E	 T452B
G.T. Hewitt Waste Ops 374
T.C. Greengard RCRA/CERCLA 7
File

SAMPLE DESCRIPTION

Solar Ponds, 207B North & Center
Sample Logged in: 11/23/87 13:36

P. 0. Box 464
Golden, Colorado 80402

Lab Number: 87.ENV.04443
Account No: 900458

APPROVED: - /rtid^. B ai,/

Collection Date 11/23/87

ANALYSIS RESULTS	 11*11 Indicates this analysis did
not meet the control guide.

TEST
	

RESULT	 UNITS	 LOWER	 UPPER
LIMIT	 LIMIT

Solar Pond 207-B North
Nitrate as N	 359.5	 mg/L	 .1999999	 1000.000
ross.Alpha	 90 (+1-) 29 * pCi/L	 0.00000	 40.00000
oss Beta	 82 (+/-) 46 * pCi/L	 0.00000	 50.00000

H	 8.1	 S.U.	 6.00	 9.00
No preservation.

Solar Pond 207-B Center
Nitrate as N
pH
Gross Alpha
Gross Beta
No preservation.

404.5	 mg/L
9.9	 S. U.
69 (+/-) 27 * pCi/L
105 (+/-) 47 * pCi/L

1999999
6.00
0.00000
0.00000

1000.000
9.00
40.00000
50.00000

0



I GENERAL LABORATORY	 BUILDING 881
I 01/04/88	 ANALYTICAL REPORT 	 15:52

Page 1

4

LAB I NO	 : 87.ENV.04476

0kwell International
North American Space Operations

DISTRIBUTION
C.L. Sundblad HS&E T452B
G.T. Hewitt Waste Ops 374
T.C. Greengard RCRA/CERCLA 7
File

SAMPLE DESCRIPTION

Solar Ponds 207-B
Sample Logged in: 12/07/87 13:52

P. 0. Box 464
Golden, Colorado 80402

Lab Number: 87.ENV.04476
Account No: 900458

APPROVED:
Blair

Collection Date 12/07/87

ANALYSIS RESULTS	 •*11 Indicates this analysis did
not meet the control guide.

TEST
	

RESULT	 UNITS	 LOWER	 UPPER
LIMIT	 LIMIT

Solar Pond 207-B North
'ross Alpha	 86 ( +1-) 30	 pCi/L	 0.00000	 40.00000
ross Beta	 91 (+/-) 54	 pCi/L	 0.00000	 50.00000
H	 8.3	 S.U.	 6.00	 9.00

Nitrate as N	 373	 ing/L	 .1999999	 1000.000

Solar Pond 207-B Center
Gross Alpha	 40 (+1-) 22	 pCi/L	 0.00000	 40.00000
Gross Beta	 79 (+/-) 45	 pci/L	 0.00000	 50.00000
pH	 9.6	 S.U.	 6.00	 9.00
Nitrate as N	 388	 ing/L	 .1999999	 1000.000

0



GENERAL LABORATORY	 BUILDING 831 I

I 03/23/88	 ANALYTICAL REPORT	 12:34
=======================-====-======= Page 1

AB'NO	 : 88.ENV.02290

well International
	 P. 0. Box 464

Aerospace Operations 	 Golden, Colorado 80402

DISTRIBUTION	 Lab Number: 88.ENV.02290
—C.L. Sundblad HS&E	 T452B	 Account No: 900458
G.T. Hewitt	 Waste Ops 374
T.C. Greengard RCRA/CERCLA, 750
File	 APPROVED:

Juay) A. Blair

SAMPLE DESCRIPTIONDESCRIPTION

Solar Pond 207-B North and Center
Sample Logged in: 03/07/88 13:55 	 Collection Date 03/07/88

ANALYSIS RESULTS 	 It*u1 Indicates this analysis did
not meet the control guide.

TEST
	

RESULT	 UNITS	 LOWER	 UPPER
LIMIT	 LIMIT

Solar Pond 207-B North
Gross Alpha	 128 (+/-) 54	 pCi/L	 0.00000	 40.00000

4vitrate

oss Beta	 117 (+/-) 36	 pCi/L	 0.00000	 50.00000
8.2	 S.U.	 6.00	 9.00

 as N	 212	 mg/L	 .1999999	 1000.000

Solar Pond 207-B Center
Gross Alpha	 159 (+/-) 68	 pCi/L	 0.00000	 40.00000
Gross Beta	 183 (-4-/-) 43	 pCi/L	 0.00000	 50.00000
pH	 9.7	 S.U.	 6.00	 9.00
Nitrate as N	 580	 mg/L	 .1999999	 1000.000



GENERAL LABORATORY	 BUILDING 881 I
03/25/88	 ANALYTICAL REPORT	 09:41 I

=========================================== Page 1 =========

B'NO	 : 88.ENV.02322

R'we11 International
	 P. 0. Box 464

Aerospace Operations
	 Golden, Colorado 80402

DISTRIBUTION	 Lab Number: 88.ENV.02322
C.L. Sundblad HS&E	 T452B	 Account No: 900458
G.T. Hewitt Waste Ops 374
T.C. Greengard RCRA/CERCLA 750
File	 APPROVED:

Blair

SAMPLE DESCRIPTION

Solar Ponds 207-B, North and Center
Sample Logged in: 03/14/88 15:07	 Collection Date 03/14/88

ANALYSIS RESULTS

	

	 H*11 Indicates this analysis did
not meet the control guide.

TEST
	 RESULT	 UNITS	 LOWER	 UPPER

LIMIT	 LIMIT
Solar Pond 207-B North

Gross Alpha	 97 (+/-) 34	 pCi/L	 0.00000	 40.00000
oss Beta	 (1.3±0.4)*E+02 pCi/L 	 0.00000	 50.00000

8.2	 S.U.	 6.00	 9.00
Otrate as N	 390	 mg/L	 .1999999	 1000.000

Solar Pond 207-B Center
Gross Alpha	 81 (1-) 31	 pCi/L	 0.00000	 40.00000
Gross Beta	 (1.3+0.4)*E+02 pCi/L 	 0.00000	 50.00000
pH	 9.6	 S.U.	 6.00	 9.00
Nitrate as N	 370	 xng/L	 .1999999	 1000.000

0



I GENERAL LABORATORY	 BUILDING 881
I 04/07/88	 ANALYTICAL REPORT	 08:01

Page 1

AB'NO	 : 88.ENV.02356I	 6

well International
Aerospace Operations

DISTRIBUTION
C.L. Sundblad HS&E 	 T452B
G.T. Hewitt Waste Ops 374
T.C. Greengard RCRA/CERCLA 750
File

P. 0. Box 464
Golden, Colorado 80402

Lab Number: 88.ENV.02356
Account No: 900458

APPROVED:
rudy A Blair

SAMPLE DESCRIPTION

Solar Ponds 207-B North and Center
Sample Logged in: 03/21/88 13:44 	 Collection Date 03/21/88

ANALYSIS RESULTS	 Indicates this analysis did
not meet the control guide.

TEST

Solar Pond 207-B North
Gross Alpha

Is
oss Beta

itrate as N

RESULT	 UNITS	 LOWER	 UPPER
LIMIT	 LIMIT

(9.9±4.3)*E+01 pCi/L	 0.00000	 40.00000
(1.1±0.4)*E+02 pCi/L	 0.00000	 50.00000
8.2	 S.U.	 6.00	 9.00
436	 mg/L	 .1999999	 1000.000

Solar Pond 207-B Center
Gross Alpha	 (3.31.2)*E+02 pCi/L	 0.00000	 40.00000
Gross Beta	 (2.4O.6)*E+02 pCi/L	 0.00000	 50.00000
pH	 9.8	 S.U.	 6.00	 9.00
Nitrate as N	 481	 ing/L	 .1999999	 1000.000

0



I GENERAL LABORATORY 	 BUILDING 881
04/07/88	 ANALYTICAL REPORT	 08:15

=============================-==--======== Page 1

NO
	

88.ENV.02393

well International
	 P. 0. Box 464

Aerospace Operations	 Golden, Colorado 80402

DISTRIBUTION	 Lab Number: 88.ENV.02393
C.L. Sundblad HS&E 	 T452B	 Account No: 900458
G.T. Hewitt Waste Ops 374
T.C. Greengard RCRA/CERCLA 750 	 -
File	 APPROVED:

,,/ iu A. Blair

SAMPLE DESCRIPTION

Solar Ponds 207-B, North and Center
Sample Logged in: 03/28/88 14:08	 Collection Date 03/28/88

ANALYSIS RESULTS	 Indicates this analysis did
not meet the control guide.

	

TEST	 RESULT	 UNITS	 LOWER	 UPPER
LIMIT	 LIMIT

Solar Pond 207-B North
Gross Alpha	 (2.0+0.8)*E+02 pCi/L	 0.00000	 40.00000

Oi'trate

oss Beta	 (9.7+3..9)*E+Ol pCi/L	 0.00000	 50.00000
8.1	 S.U.	 6.00	 9.00

	

 as N	 378	 mg/L	 .1999999	 1000.000

Solar Pond 207-B Center
Gross Alpha
Gross Beta
pH
Nitrate as N

(1.2+0.8) *E+03 pCi/L
(4.8+0.7)*E+02 pCi/L
10.0	 S.U.
599	 mg/L

0.00000
0.00000
6.00
.1999999

40.00000
50.00000
9.00
1000.000



I GENERAL LABORATORY	 BUILDING 881 I
04/11/88	 ANALYTICAL REPORT	 08:05

Page 1

88 . ENV. 024 15

ockwell International
	

P. 0. Box 464
Aerospace Operations	 Golden, Colorado 80402

DISTRIBUTION	 Lab Number: 88.ENV.02415
C. L. Sundblad HS&E T452B	 Account No: 90 0^4"5
G.T. Hewitt Waste Ops 374
T. C. Greengard RCPA/ CERCLA 750
File	 APPROVED:

-Judy,A. Blair

SAMPLE DESCRIPTION

Solar Ponds 207-B, North and Center
Sample Logged in: 04/04/88 15:21
	

Collection Date 04/04/88

ANALYSIS RESULTS
	 *1 Indicates this analysis did

not meet the control guide.

TEST
	

RESULT
	

UNITS	 LOWER	 UPPER
LIMIT	 LIMIT

Solar Pond 207-B North
pH

S

itrate as N
ross Alpha

Gross Beta

8.0	 S.U.	 6.00	 9.00
490	 rng/L	 .1999999	 1000.000
(9.3+3.3)*E+01 pCi/L	 0.00000	 40.00000
(1.1+0.4)*E+02 pCi/L	 0.00000	 50.00000

Solar Pond 207-B Center
pH	 10.0	 S.U.	 6.00	 9.00
Nitrate as N	 756	 xng/L	 .1999999	 1000.000
Gross Alpha	 (9.7+4.0)*E+02 pCi/L	 0.00000	 40.00000
Gross Beta	 (6.2+0.8)*E+02 pCi/L	 0.00000	 50.00000

is



4p
.AB' NO

ockwell
Aerospace

88 . ENV . 024 46

International
Operations

P. 0. Box 464
Golden, Colorado 80402

I GENERAL LABORATORY	 BUILDING 881
04/25/88	 ANALYTICAL REPORT	 08:28 I

==========-===================================== Page 1 ==

Lab Number: 88.ENV.02446
Account No: 900458

APPROVED:
judy k Blair

/_	 ..-.

DISTRIBUTION
C.L. Sundblad HS&E T452B
G.T. Hewitt Waste Ops 374
T.C. Greengard RCRA/CERCLA 750
File

SAMPLE DESCRIPTION

Solar Ponds 207-B -- North and Center
Sample Logged in: 04/11/88 15:07 	 Collection Date 04/11/88

ANALYSIS RESULTS	 u*1J Indicates this analysis did
not meet the control guide.

RESULT

507
8.2
(1.01:0.5) *E+02
(1. 0±0. 4) *E-f02

819
10.1
(1. 10. 3) *E+03
(1.1±0.2)*E+03

UNITS

mg/ L
S. U.
pCi/L
pCi/L

mg/ L
S. U.
pCi/L
pCi/L

LOWER
LIMIT

.1999999
6.00
0.00000
0.00000

.1999999
6.00
0.00000
0.00000

UPPER
LIMIT

1000.000
9.00
40.00000
50.00000

1000.000
9.00
40.00000
50.00000

TEST

Solar Pond 207-B North
Nitrate as N

it 	 AlphaGross Beta

Solar Pond 207-B Center
Nitrate as N
pH
Gross Alpha
Gross Beta

0



I GENERAL LABORATORY	 BUILDING 881
04/22/88	 ANALYTICAL REPORT 	 13:52 I

========================= Page 1

AB'NO	 88 . ENV . 024 89

Kwell International
	 P. 0. Box 464

Aerospace Operations 	 Golden, Colorado 80402

DISTRIBUTION
- C.L. Sundblad HS&E	 T452B
G.T. Hewitt Waste Ops 374
T.C. Greengard RCRA/CERCLA 750
File

SAMPLE DESCRIPTION

Lab Number: 88.ENV.02489
Account No: 900458

APPROVED:____________________
Jd A. lair

Solar Ponds 207-B; North and Center
Sample Logged in: 04/22/88 13:13
	 Collection Date 04/18/88

ANALYSIS RESULTS	 It* Indicates this analysis did
not meet the control guide.

TEST

Solar Pond 207-B North
Gross Alpha

Ø

oss Beta
itrate as N

Solar Pond 207-B Center
Gross Alpha
Gross Beta
Nitrate as N
pH

RESULT

(1. 1±0. 4) *E+02
(7. 2±5. 5) *E+0l
505

tAr . 0

(9.8±2.5) *E+02
(8.4±1.4) *E+02
980
10.3

UNITS

pCi/L
pCi/L
mg/ L
S. U.

pCi/L
pCi/L
mg/ L
S. U.

LOWER
LIMIT

0.00000
0.00000
.1999999
6.00

0.00000
0.00000
.1999999
6.00

UPPER
LIMIT

40.00000
50.00000
1000.000
9.00

40.00000
50. 00000
1000. 000
9.00

0



I GENERAL LABORATORY 	 BUILDING 881
I 05/02/88	 ANALYTICAL REPORT 	 08:17

==	 Page 1

W
B'NO : 88.ENV..02532

Rockwell International
Aerospace Operations

DISTRIBUTION
C.L. Sundblad HS&E T452B
G.T. Hewitt Waste Ops 374
T.C. Greengard RCRA/CERCLA 750

/File

SAMPLE DESCRIPTION

P. 0. Box 464
Golden, Colorado 80402

Lab Number: 88.ENV. 02532
Account No: 900458

APPROVED
A. Blair

Solar Ponds 207-B; North and Center
Sample Logged in: 04/25/88 13:15 	 Collection Date 04/25/88

ANALYSIS RESULTS	 "*" Indicates this analysis did
not meet the control guide.

TEST

Solar Pond 207-B North

4koss
trate as N

 Alpha
Gross Beta

RESULT	 UNITS	 LOWER	 UPPER
LIMIT	 LIMIT

8.2	 S.U.	 6.00	 9.00
424	 xng/L	 .1999999	 1000.000
(1.3±0.5)*E+02 pCi/L	 0.00000	 40.00000
(1.3±0.4)*E+02 pCi/L	 0.00000	 50.00000

Solar Pond 207-B Center
pH	 10.2	 S.U.	 6.00	 9.00
Nitrate as N	 918	 mg/L	 .1999999	 1000.000
Gross Alpha	 (2.2±0.8)*E+03 pCi/L 	 0.00000	 40.00000
Gross Beta	 (1.2±0.2)*E+03 pCi/L 	 0.00000	 50.00000

0



4p

LAB NO

ockwell
Aerospace

88 . ENV . 02 560

International
Operations

P. 0. Box 464
Golden, Colorado 80402

I GENERAL LABORATORY	 BUILDING 881
I 05/17/88	 ANALYTICAL REPORT 	 13:19
===================-====-=================== Page 1

DISTRIBUTION	 Lab Number: 88.ENV.02560
-C.L. Sundblad HS&E 	 T452B	 Account No: 90058
G.T. Hewitt Waste Ops 374
T.C. Greengard RCRA/CERCLA 750	 (
File	 APPROVED:

Z jud . Blair
/

SAMPLE DESCRIPTION

Solar Ponds 207-B, North and Center
Sample Logged in: 05/02/88 14:10 	 Collection Date 05/02/88

ANALYSIS RESULTS	 11*11 Indicates this analysis did
not meet the control guide.

	

TEST	 RESULT	 UNITS	 LOWER	 UPPER
LIMIT	 LIMIT

Solar Pond 207-B North
8.7	 S.U.	 6.00	 9.00

la
itrate as N 431 mg/L .1999999 1000.000
ross Alpha (1.9+0.8)*E+02 pCi/L 0.00000 40.00000

Gross Beta	 (1.8+0.6)*E+02 pCi/L 	 0.00000	 50.00000

Solar Pond 207-B Center
pH	 10.3	 S.U.
Nitrate as N	 978	 ing/L
Gross Alpha	 (2.5+0.4)*E+03 pCi/L
Gross Beta	 (1.5+0.2)*E+03 pCi/L

6.00
	

9.00
• 1999999
	

1000.000
0.00000
	 40.00000

0.00000
	

50.00000

0



ANALYTICAL REPORT
.	 ROCKWELL INTERNATIONAL

AEROSPACE OPERATIONS
P.O. BOX 464	 GENERAL LABORATORY

GOLDEN, COLORADO 80401	 BUILDING 881

DISTRIBUTION:	 LAB NUMBER: E88-2610
DATE:	 5-23-88

C. L. Sundblad, T452B EM	 ACCOUNT NO: 9 45
E. R. Naimon 374 Wste Ops
T. C. Greengard, 750 RCRA/CERCLA 	 APPROVED:_________________
File	 . ABlair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B	 1) North	 1) Center
(Weekly Sample)	 Received: 5-09-88

Analysis

pH (S.U.)

NO 	 as N (tng/L)

Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North

8.4

433

(8.9 + 4.1) x 10

(1.8	 0.4) X 102

Center

10.4

1,125

(2.4 + 0.4) x

0.0 ±. 0.1) X 1O3

0



GENERAL LABORATORY 	 BUILDING 881 I06/06/88	 ANALYTICAL REPORT	 08:42
=================-======================-_======= Page 1

* 0 LAB'NO	 : 88.ENV.02660
Rockwell International
Aerospace Operations

DISTRIBUTION
--C. L. Sundblad	 HS&E	 T452B
G.T. Hewitt	 Waste Ops 374
T.C. Greengard RCRA/CERCLA 750
File

SAMPLE DESCRIPTION

Solar Ponds 207-B, Northnter
Sample Logged in: 05/18/88 16:51

P. 0. Box 464
Golden, Colorado 80402

Lab Number: 88.ENV.02660
Account No: 900458

APPROVED:	 _________________
Judy A. Blair

Collection Date 05/18/88

ANALYSIS RESULTS	 "*" Indicates this analysis did
not meet the control guide.

TEST

Solar Pond 207-B North

•
ross Alpha

Gross Beta
Nitrate as N

RESULT	 UNITS	 LOWER	 UPPER
LIMIT	 LIMIT

8.5	 S.U.	 6.00	 9.00
82 (+1-) 66	 pCi/L	 0.00000	 40.00000
(1.6+0.8)*E+02 pCi/L 	 0.00000	 50.00000
503	 mg/L	 .1999999	 1000.000

Solar Pond 207-B Center
pH	 10.3	 S.U.	 6.00	 9.00
Gross Alpha	 (2.4+0.4)*E+03 pCi/L 	 0.00000	 40.00000
Gross Beta	 (1.3+0.2)*E+03 pCi/L 	 0.00000	 50.00000
Nitrate as N	 1204	 mg/L	 .1999999	 1000.000



GENERAL LABORATORY	 BUILDING 881

I 06/08/88	 ANALYTICAL REPORT 	 13:27 I
=======================================	 Page 1

0ck

LAB'NO : 88.ENV.02710

well International
Aerospace Operations

P. 0. Box 464
Golden, Colorado 80402

DISTRIBUTION	 Lab Number: 88.ENV.02710
C.L. Sundblad	 HS&E	 T452B	 Account No: 900458
G.T. Hewitt	 Waste Ops 374
T.C. Greengard RCRA/CERCLA 750
File	 APPROVED:_____________________

Judy A. Blair

SAMPLE DESCRIPTION

Solar Ponds 207-B, North and Center
Sample Logged in: 05/25/88 14:36	 Collection Date 05/25/88

ANALYSIS RESULTS	 It*1 Indicates this analysis did
not meet the control guide.

TEST

Solar Pond 207-B North
Nitrate as N

S

ross Alpha
ross Beta

Solar Pond 207-B Center
Nitrate as N
Gross Alpha
Gross Beta

RESULT

460
(1.0±0.8) *E+02
(1.4±0.7) *E+02

1221
(1.9±0.3) *E+03
(1. 3±0. 2) *E+03

UNITS

mg/ L
pCi/L
pCi/L

mg/ L
pCi/L
pCi/L

LOWER
LIMIT

.1999999
0.00000
0.00000

.1999999
0.00000
0.00000

UPPER
LIMIT

1000.000
40.00000
50.00000

1000.000
40.00000
50.00000

0



0oc

LAB ' NO

kwell
Aerospace

88.ENV.02742

International
Operations

P. 0. Box 464
Golden, Colorado 80402

I GENERAL LABORATORY 	 BUILDING 881
06/10/88	 ANALYTICAL REPORT 	 08:01

======================================= Page 1

DISTRIBUTION	 Lab Number: 88.ENV.02742
C.L. Sundblad HS&E	 T452B	 Account No: 900458
G.T. Hewitt Waste Ops 374
T.C. Greengard RCRA/CERCLA 750
File	 APPROVED:

Judy A. Blair

SAMPLE DESCRIPTION

Solar Ponds 207-B, North and Center
Sample Logged in: 06/01/88 '14:52	 Collection Date 06/01/88

ANALYSIS RESULTS	 "*" Indicates this analysis did
not meet the control guide.

TEST

Solar Pond 207-B North

,

Nitrate  as N

Gross Beta
ross Alpha

Solar Pond 207-B Center.
Nitrate as N
Gross Alpha
Gross Beta

RESULT

416
99 (+/-) 59
91 (+/-) 69

977
(2.4±0.4) *E+03
(1.1±0.1) *E+03

UNITS

pCi/L
pCi/L

mg/L
pCi/L
pCi/L

LOWER
LIMIT

.1999999
0.00000
0.00000

• 1999999
0.00000
0.00000

UPPER
LIMIT

1000.000
40.00000
50.00000

1000.000
40.00000
50. 00000

0
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LAB'NO : 88.ENV.02779

kwell International
Aerospace Operations

DISTRIBUTION
C.L. Sundblad HS&E 	 T452B
F.D. Hobbs	 HS&E	 T452B
T.C. Greengard RCRA/CERCLA 750
File

SAMPLE DESCRIPTION

P. 0. Box 464
Golden, Colorado 80402

Lab Number: 88.ENV.02779
Account No: 900458

APPROVED:	 . J Lt
Judy A. Blair

Solar Ponds 207-B, North and Center
Sample Logged in: 06/08/88 14:52	 Collection Date 06/08/88

ANALYSIS RESULTS	 '*	 Indicates this analysis did
not meet the control guide.

TEST

Solar Pond 207-B North
Nitrate as N

O

ross Alpha
ross Beta

Solar Pond 207-B Center
Nitrate as N
Gross Alpha
Gross Beta

RESULT

319'
(1.6±0. 8) *E+02
(2.0±0. 8) *E+02

1078
(2. 2 ± 0. 3) *E+03
( 1. 5±0 . 2) *E+03

UNITS

mg/L
pCi/L
pCi/L

mg/ L
pCi/L
pCi/L

LOWER
LIMIT

1999999
0.00000
0.00000

.1999999
0.00000
0.00000

UPPER
LIMIT

1000. 000
40.00000
50.00000

1000.000
40.00000
50.00000

0
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QUALITY ASSURANCE/QUALITY CONTROL PLAN

is

	
1. INTRODUCTION

CEARP Phase 2 consists of CEARP Phase 2a. Monitoring Plan, and CEARP

Phase 2b. Site Characterization (Remedial Investigation). This Quality .Assurancc
Qialic y Control (QA/QC) Plan is one component of the Monitoring Plan for Rocky

Flats Plant. The Monitoring Plan typically consists of five parts: Synopsis. Sampling

Plan, Technical Data Management Plan, Health and Safety Plan, and Quality Assur-

ance/Quality Control Plan. Because of the Compliance Agreement made by the Statc

of Colorado, Environmental Protection Agency, and the DOE, this Monitoring Plan

also includes d Feasibility Study Plan. The Synopsis provides a discussion of the

current situation and serves as an introduction to the other plans.

CEARP uses a three-tiered approach in preparing the monitoring plans: the

CEARP Generic Monitoring Plan (CGMP) (DOE. 1986b), the Installation Generic

Monitoring Plan (IGMP), and the Site-Specific Monitoring Plans (SSMPs). The CGMP

Quality Assurance/Quality Control (QA/QC) Plan provides the generic guidelines and
procedures that will be employed during CEARP Phase 2 site characterization

. (remedial investigation) to ensure the reliability of data collected at CEAR? sites. It

is intended to establish a general quality assurance/quality control policy and to pro-

'ide the framework for more specific quality assurance/quality control requirements

to be employed at each installation and at each site. This IGMP Quality Assur-

ance/Quality Control Plan provides installation generic information and procedures,
whereas the SSMPs will provide site-specific detail regarding locations, types and
number of samples.

This 1GM? is the Comprehensive Source and Plume Characterization Plan rc-
quircd b y the Compliance Agreement. Therefore, the acron y m used to refer to this
plan is IGMP/CSFCp.

According to DOE policy, DOE activities shall maintain programs of quality

assurance (DOE Order 5700.6B). In the area of environmental protection, quality as-

surance plans must be integrated with the DOE implementation of CERCLA (DOE

Order 5480.14).

SROCKY FLATS PLANT ICMP/CS p cp Draft February 1987 (Revision 1) QA/QC Plan	 secticn. 1, page I



CEAR? Phase 2b site characterizations (remedial investigations) will be im-

p ftmcnted using procedures to assure that the precision, accurac y, completeness, and
. rCprc scflt3(ivCncS5 of data are known and documented. At a minimum, this will in-

Jude adherence to the CEARP CGMP, IGMP/CSPCP, and SSMP Quality Assur-
ncc,Qualjt y Control Plans, and may include preparation of written Quality Assur-

ance/Quality Control Plans covering each aspect of the project performed.

This IGMP/CSPCP Quality Assurance/Quality Control Plan presents the orga-

nization, objectives, functional activities, and specific quality assurance and quality

control activities associated with the CEARP Phase 2b site characterizations (remedial
in v estigations) at Rocky Flats Plant. The Quality Assurance/Quality Control Plan is

designed to achieve specific data quality goals for CEARP Phase 2b site characteriza-

tions (remedial investigations). Appendix A includes the quality assurance protocols

for all laboratory services to be provided under CEARP Phase 2b Site characteriza-

tions (remedial investigations).

A brief description of the CEARP Phase 2b site characterization (remedial in-
v cstigation) and background can be found in the Synopsis. For a more in-depth back-

ground description, see the CEARP Phase I report.

.
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2. PROJECT ORGANIZATION AND RESPONSIBILITY

isProject organization and responsibility are divided among DOE. Los Alamos

National Laborator y , and Rockwell International as described below. Los Alamos Na-

tional Laboratory has the primary responsibility to implement CEARP under the

guidance of DOE-Albuquerque Operations Office. However, operational responsibili-
ties have been assigned to Rockwell International at Rocky Flats Plant for the site

characterizations (remedial investigations). The DOE-Rocky Flats Plant Area Office

is responsible for the function of the Rocky Flats Plant. Because of this responsibil-

ity, the DOE-Rocky Flats Plant Area Office will provide additional guidance to its

contractor, Rockwell International, in implementation of the CEARP Phase 2b site
characterizations (remedial investigations).

Project organization is shown in Figure 2.1. The responsibilities of the various.

Personnel can be divided into operational, laboratory, and quality assurance responsi-
bilities, as follows.

2.1. OPERATIONAL RESPONSIBILITIES

is
A ssistant Secretary for the En v ironment. The DOE Assistant Secretary for the

En v ironment appoints Headquarters investigation boards and establishes the scope of
Headquarters in vestigations (DOE Order 5484.1). DOE-wide Environmental Surveys
and Audits originate from the Assistant Secretary.

E n v ironmental Surve ys and Audits. Headquarters Environmental Survey
Teams have been directed to conduct one-time en v ironmental surve y s and sampling of
DOE facilities. These surveys are independent of CEARP activities at Rocky Flats

Plant, but data from survey team sampling will be utilized in the CEARP characteri-

zation of Rocky Flats Plant. A Headquarters environmental survey team visited the

Rocky Flats Plant site in 1986. The results of the surve y will be used as an internal
management tool by the Secretary and Undersecretar y of DOE.

Audits are a function of the Office of the Assistant Secretary for the Envi-

ronment. Audit teams provide quality control for the implementation of environmen-

tal monitoring at DOE facilities. Although independent of CEARP, audit teams com-

plement CEARP activities by providing additional quality assurance.

is
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DOE-Albu querque Operations Office En v ironmental Program Branch. The
DOE - Al buqucrquc Operations Office, En v ironmental Programs Branch, is responsible

.

for Ov erseeing all environmental p rograms within DOE-Albuquerque Operations and
conducting special assessments such as CEARP.

DOE-Rock y Flats Area office. The DOE Rocky Flats Area Office is responsi-

ble for the missions of the Rocky Flats Plant, including en v ironmental protection.
The DOE Rocky Flats Area Office oversees the in of Rocky Flats Plant re-
sources with CEARP activities at Rocky Flats Plant.

R ock well I nternational. Rockwell International, as prime contractor to DOE.
Pro v ides Support to DOE in accomplishing the mission of Rocky Flats Plant, including
env ironmental protctjon Rockwell International will perform the CEARP Phase 2b
site characterizations (remedial investigations) at Rocky Flats Plant.

LOS AIAM91 National Laborpçy, Los Alamos National Laboratory manages
the CEARP program, providing direction, oversight and review, and preparing final
reports.

2.2. ANALYTICAL LABORATORY RESPONSIBILITIES

Analytical laboratory responsibilities include performing analytical services,

and providing quality assurance. Rockwell International will perform the CEARP
Phase 2b site characterizations (remedial investigations) at Rocky Flats Plant. This
I GMP,'CSPCP provides guidance for quality assurance programs to be implemented by

field laboratory operations
- anal y tical laboratories
- geotechnical laboratories
- radiological laboratories.

2.3. QA RESPONSIBILITY

Quality assurance rcsponsjbilitics are to monitor and review the procedures

used to perform all aspects of Site characterizations (remedial in vestigations), includ-
ing data collection, analytical services, data analysis, and report preparations. Pri-

mary responsibility for project quality rests with the Rockwell International CEARP
Ianager. Ultimate r esponsibility for project quality rests with DOE.

0OCKY FLATS PLANT IGMP/CSPCP Dra g February 1987 ( R e v ision 1) QA/QC Plan	 Section 2, page 2
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DOE
ASSISTANT

SECRETARY FOR
ENVIRONMENT

DOE
ALBUQUERQUE

OPERATIONS OFFICE

ENVIRONMENTAL
SURVEYS/AUDITS

DOE
ROCKY FLATS	 LOS ALAMOS
AREA OFFICE	 NATIONAL LABORATORY

.

ROCKWELL
INTERNATIONAL QUALITY

ASSURANCE
OFFICER

CEARP
MANAGER

QUALITY
	 SUBCONTRACTOR

ASSURANCE
OFFICER

QUALITY
ASSURANCE

OFFICER

LABORATORIES

QUALITY
ASSURANCE
OFFICERS

Figure 2.1. Quality A ssurance/Qualit y Control Organization Chart.
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3. QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA

S

EN

.

The overall qualit y assurance objective is to develop and implement procedures

for licld sampling, field testing, chain of custody, laboratory analysis, and reporting

that will assure qualit y as specified in DOE orders governing quality assurance and
en v ironmental protection. Specific procedures to be used for sampling, chain-of-cus-

tody, audits, preventive maintenance, and corrective actions are described in other

Sections of this IGMP Quality Assurance/Quality Control Plan. The purpose of this

section is to define quality assurance goals for accuracy; precision and sensitivity of

analysis; and completeness, representativeness, and comparability of measurement data

from all analytical laboratories. Quality assurance objectives for field measurements

are also discussed.

For some field activities, samples will not be collected, but measurements will

be taken where quality assurance concerns are appropriate (e.g., field measurements of

PH, temperature, and elevations). The primary quality assurance objective in activi-

ties where samples are not collected is to obtain reproducible measurements to a de-

gree of accuracy consistent with their intended use and to document measurement
procedures.

3.1. REGULATORY AND LEGAL REQUIREMENTS

Data used to evaluate compliance with the National Interim Primary Drinking

Water Standards, State of Colorado water-quality standards, or water-quality criteria

for agricultural or industrial use will have method detection limits as specified by the

analytical method used, as appropriate.

3.2. LEVEL OF QUALITY ASSURANCE EFFORT

Field duplicates, field blanks, and trip blanks will be taken and submitted to

the analytical laboratories to provide a means to assess data quality resulting from

field sampling. Duplicate samples will be analyzed to check for sampling repro-

ducibility. Field and trip blanks will be analyzed to check for procedural contamina-

tion and/or ambient site conditions that are causing sample contamination. Trip
blanks will be analyzed to check for contamination during packaging and shipment.

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) QA/QC P!in 	 Section 3. page 1



Because volatile organic compounds are a class of contaminants most likely to be in-

troduced to the sample by the sample container, there will be one trip blank per batch

S
Of samples designated for volatile organic compound analysis (shipping Container).

There w ill be one duplicate and one field blank for every 10 investigative samples

Jllectcd. For laboratory organic analysis, matrix spikes and matrix spike duplicates

ill be used. The general level of quality assurance effort for organic analysis will

be one matrix spike and one matrix spike duplicate prepared for every 20 samples of

similar concentration and/or similar sample matrix, whichever is greater. In addition

to field check samples, water samples of known concentration traceable to either EPA

or NBS standards will be prepared for inorganic and radiological analyses. The gen-

eral level of quality assurance effort for inorganic analyses will be one duplicate

known sample antfonc duplicate field sample for every 10 investigative samples to

check analytical reproducibility.

Soil samples selected for geotechnical testing will include one field duplicate

for each 20 analyses being performed, if possible, but will not include blanks.

The groundwater, surface water, and soil samples collected at Rocky Flats

Plant during CEARP Phase 2 will be analyzed using the analytical methods specified

S

in Tables 3.1, 3.2, 3.3, and 3.4. The level of laboratory quality assurance effort will

correspond to the procedures outlined in Appendix A.

3.3. A CCURACY, PRECISION, AND SENSITIVITY OF ANALYSES

The fundamental quality assurance objective with respect to accuracy, pre-

cision, and sensitivity of laboratory analytical data is to achieve the quality control

acceptance criteria of the analytical protocols. Sensitivities required for analyses of
r adionuclides, organics, metals, and other inorganic compounds, in both aqueous and

solid matrices will be the detection limits shown in Tables 3.1, 3.2, 3.3, 3.4, 3.5. and

3.6. Achieving these detection limits depends on the sample matrix. Highly contami-

nated samples requiring dilution will have detection limits higher than those detected.

The accuracy of field laboratory measurements of groundwater and surface

water PH will be assessed through prc-rneasurcment calibrations and post-measurement
v erifications using at least two standard buffer solutions. The two measurements

must each be within +0.05 standard units of buffer solution values. Precision will be

0
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assessed through replicate measurements of every tenth sample. The Standard de-
vjat jfl of four replicate measurements must be less than or equal to 0.1 standard

.units.(The electrode will be w ithdrawn, deionized-rinsed and re-immersed between

each replicate. The calibration and verification will be done before the first repli-

cate and after the last replicate.) The instrument used will be capable of providing
measurements to 0.01 standard units.

The geotechnical and field data will be considered accurate if the quality as-

surance criteria with respect to equipment, solutions, and calculations are met, and if

adherence to appropriate methods can be documented during a systems audit.

3.4. COMPLETENESS, REPRESENTATIVENESS AND COMPARABILITY

The laboratories will provide data, meeting quality control acceptance criteria

as described in Appendix A. Laboratories will provide completely valid data

(IGMP/CSPCP QA/QC Plan, Section 8); the reasons for any variances from 100 per-

cent completeness will be documented in writing.

3.5. FIELD MEASUREMENTS

.

	

	 Measurement data will be generated in many field activities. These activities

may include, but are not limited to, the following:

- using geophysical surveys

- documenting time and weather conditions

- locating and determining the elevation of sampling stations

• measuring pH, conductivity, and temperature of water samples

- q ualitative organic vapor screening of solid samples using a pho-
toionjzation detector (PID) or an organic vapor analyzer (OVA)

- measuring water levels in a borehole or well

- standard penetration testing

- calculating pumping rates

- v erifying wcll .devclopment and presampling purge volumes

- performing hydraulic conductivity tests

ROCKY FLATS PLANT IGMP/CSPCP Drift Feb 	 1987 (Revision 1) QA/C P!&n	 Section 3, page 3



The general quality assurance objective for such measurement data is to obtain

reproducible and comparable measurements to a degree of accuracy consistent with• 

the intended use of the data through the documented use of standardized procedures.

Procedures for performing these activities and standardized formats for documenting

them are presented in the CGMP and LGMP/CSPCP Sampling Plans. These procedures

may be incorporated by reference (EPA methods) or included as appendices. Stan-

dardized formats for documenting data collection are included in the Technical Data

Management Plan.

I

.

0
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S
0
Cl

>
'-1
LA	

Anatyte	 Method

HSL Volatile	 Rel. 1

C)

•0

C)

1151 Base/Neutral/Acid 1	Ref. 2

1151 Pesticide/PCB	 Ref. 3

HSL inorganic 2
	

EPA 200.78

cr
2	 Cyanide	 EPA 335

PH4	(PA 150.18

Sp. Conductivity4	(PA 120.18

ieeerature	 (PA 170.18

Diss. 
Oxygen 
	 (PA 360.18

los	 (PA 
160 

ISS	 (PA 1608

total Phosphate	 (PA 365.48

0

-U

S
	

S
table 3.1. Analysis Plan for Aqueous Samples,

Detection	 Sample	 Sanple	 Holding
Limit	 Container	 Volume	 Preservations	 iii!

40 ml vial (2)	 40 ml	 Cold, 4°C9	14
w/tef Ion lined

silicone rubber

sept tin

Amber G, 11	 1 1	 Cold, 4°C9

Amber 6, 11	 1 1	 Cold, 4°C9

P, 6, 11	 1 1	 p11<2, w/rn1039

P, 6, 11	 0.5 I.	 pH'll, w/NaOH9

0.1 ph unit	 P, 6	 N/A	 None

1	 P. 6	 N/A	 None

0.1	 p. s	 N/A	 None

0.5	 6	 N/A	 None

S	 P, 6 11	 0.1 1	 Cold 4°C9

10	 P, 6 11	 0.1 1	 Cold 4°C9

0.01	 P• 6 ii	 1 1	 Cold 4 0C, p11<29

w/112SO4

7/4Q7

7/40

180

16

Field Mess

Field Mess

Field Mess

Field Mess

7

7

28

Reporting

Units

ugh

ug/L

ugh

ugh

pllunit

UTI1O/ cm

oc

mg/I

trig/I

trig/I

MV I



Preservations

Cold 4°C9

Cold 4°C9

- Cold 4C9

Cold 4°C9

Holding	 Reporting

time (days)	 Units

28	 mO/I

14
	

mg/ I

2
	

mg/I

mg/I

Oble 3. 1. (Continued)

Detection	 Sale	 Sample
Anatyte	 Method	 Limit	 Container Volume

0

Chloride, Sulfate	 EPA 352.28	 s	 p. G, 1L	 1 1
375.28

Carbonate/Biocarbonate 5	S.M. 4036	 10	 P, 0, 11	 1 1

Nitrate	 EPA 300.08	 s	 p, c, ii	 1 LC)

Hea y5lent Chromium	 S.M. 31286	 0.01	 p G 11	 1 1

-j 1 Ihe HSL Base/Neutral/Acid fractions analytical parameters are the NSI semlvot.tlte..

Cesium, Molybdenum, StrontiuTi which are non-HSL metals.

"	 See Tables 3.5 and 3.6.

Field Measurements.
(05
Go These are reported as carbonate and biocarbonate alkalinity.

6Standard Methods for Examination of Water and Wastewater, 15th Edition.
' 7

days to extraction, analysis within 40 days of extraction.

. 8Methods for Chemical Analysis of Water and Wastes, 1983; EPA 600/4-79-020.

All samples with the exception of VOAs will be filtered within 4 hours of sanle collection,

and preservatives added to the filtrate as specified. All samples will be kept at 4 0C until
delivered to the laboratory.

jo The SSMP Snling Plans will define the actual suite of parameters to be analyzed for

specific snaples.

Method References

Ref. 1. Method 624 . "Methods for Organic Chemical Analysis of Municipal and Industrial Waste Water,-EPA 600/4-82-057 plus additions, 1984.

Ref. 2. Method 625	 "Methods for Organic Chemical Analysts of Municipal and Industrial Waste Water," EPA 600/4-82-057 plus acklltfons, 1984.

lit-f. 3. Method 608 - "Methods for Organic Chemical Analysis of Municipal and Industrial Waste Water," EPA 600/4-82-057 plus additions, 1984.
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Table 3.2. Analysis Plan for So il/Sediasent/Wasce Sample-

0

	

Detection	 Sample	 Sanpie
me t hodAn8 j	 Holding	 Reporting-	

Container 
P reservations	 Ilniti

"1	 _____

C-

HSL Volatile	 Ref. 2	 X	 40-ml vial (2)	 5	 Cold, 4°C	 14	 tag/kg
(I)

w/teflon lined

silicon rubber
septa

HSL Base/Neutral/Acid	 Ref. 3	 X	 Miter C, 1 1	 10-30	 Cold, 40C	 7/40	 ug/kg.9

HSI. Pest icide/ pCB	 Ref. 4	 Aiiter C, 1 1	 10-30	 Cold, 4°C	 7/403	
ug/kg.9

0
	1 	 2HSL Inorganic	 Ref. S	 N	 P C, 1 1	 200	 Cold, 4°C	 180	 mg/kgID

Reactivity Ref. 6	 Ref. 8	 Aiiter C	 .-.	 Cold 4°C	 N/A	 ug/l

CT
(P Toxicity	 Ref. 7	 Ref. 9	 Miter C	 100g	 Cold 4°C	 N/A	 ug/t In2	

leachate
Chloride	 (PA 300.0	 60 ug/g	 C, 1 1	 20	 Cold, 4 0C	 N/A	 mg/kg.4

Sulfate	 EPA 300.0	 60 uy/g6	C, 1 1	 20	 Cold, 'S OC	 N/A	 mg/kg

Nitrate(PA 300.0	 60 09/6	 C, 1 1	 20	 Cold, 4 0C	 N/A	 mg/kg

Cyanide	 Ref. 1	 X 2	 C, 1 1	 200	 Cold, 6°C	 14	 lug/ky>-

Hexavalent Chromium	 S. N. 3128	 1 09/96	
C, 1 1	 100	 Cold 4 0C	 1	 mg/kg.9

T lncludes Cesium, Molybdenum, and Strontium whichwhich are nonHSl metals.
2 See Tables 3.5 and 3.6.

ftract within 7 days, analysis within 40 days of extraction.
D 4

Reported as dry weight, X moisture reported separately.
5
501l/Sediments will be leached with Laboratory Reagent Water (20 g soil to 50 ml water) and water extract analyzed using referenced proceduic. Procedure refer-uric

Methods for Chemical Analysis of Water and wastes, 1983; (PA 600/479•020.
1



S
Table 3.2. (Continued)

-U

>	 Iliese are estimated detection limits.

-	 Soil/sediment will be leached with Laboratory Reagent Water (5 g soil and 100 ml of water) by shaking for 2 hours, and the water eatract littered and si..tsequcntly

- analyzed. this is in accordance with method 3128 in Standard Methods for Esamination of Water and Wastewater, 15th
C)

Edition.

.	 "The SSMP Saepl log Plans will define the actual Suite of parameters to be analyzed for
I-)
in	 specific saples.

'O
Method References

Ref. 1. Method 9010	 "lest methods for Evaluating Solid Wastes," Office of Solid Waste and Emergency Response, Washington, DC 20460, Revised April 1984.

- Re(. 2. Method 8240
2

Re(. 3. Method 8270
0

-1
Re(. 4. Method 8080

a

Ref. S. Method 6010

g April 1984.

"Test Methods for Evaluating Solid Wastes," Office of Solid Waste and Emergency Response, Washington, DC 20460, Revised April 1984.

"lest Methods for Evaluating Solid Wastes," Office of Solid Waste and Emergency Response, Washington, DC 20460, Revised April 1984.

"Test Methods for Evaluating Solid Wastes," Office of Solid Waste and Emergency Response, Washington, DC 20460, Revised April 1984.

or 1000 Series Methods	 "Test Methods for Evaluating Solid Wastes," Office of Solid Waste and Emergency Response, Washington, DC 20460, Revil

o Ref. 6. Method 9010, 9030 	 "Test Methods for Evaluating Solid Wastes," Office of Solid Waste and Emergency Response, Washington, DC 20460, Revised April 1984.
>.

ID
C) Ref. 1. Method 1310
0

U-,
S
0

0

0

'4
a

"Test Methods for Evaluating Solid Wastes," Office of Solid Waste and Emergency Response, Washington, DC 20460, Revised April 19814.
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Method References

I. U.S. En v ironmental Protection Agency, 1979, Radiochemical Anal y tical Proccdurcs
for Analysis of Environmental Samples, Report No. EMSL-LY-0539-1, Las Vegas.
NV, U.S. Environmental Protection Agency.

American Public Health Association, American Water Works Association, Water
Pollution Control Federation, 1985. Standard Methods for the Examination of
Water and Wastewater, 16th ed., Washington, D.C., Am. Public Health Association.

3. U.S. En v ironmental Protection Agency, 1976. Interim Radiochcmical Methodology
for Drinking Water. Report No. EPA-600/4-75-008. Cincinnati U.S. Environmen-
tal Protection Agency.

4. Harle y , S. H, cd., 1975. HASL Procedures Manual, HASL-300; Washington, D.C..
U.S. Energy Research and Development Administration.

5. Misaqi, Fazlelleh L., Monitoring Radon-222 Content of Mine Waters Informational
Report 1026, U.S. Department of Interior, Mining Enforcement and Safety Ad-
ministration, Denver, CO, 1975.

6. "Radioassay Procedures for Environmental Samples," 1967, USDHEW, Section 7.2.3.

7. "Handbook of Analytical Procedures," USAEC, Grand Junction Lab. 1970, page
196.

8. "Prescribed Procedures for Measurement of Radioactivity in Drinking Water."
EPA-600/4-80-032, Auguat 1980, En v ironmental Monitoring and Support Labora-
tory, Office of Research and Development, U.S. Environmental Protection
Agenc y , Cincinnati, Ohio 45268.

9. "Methods for Determination of Radioactive Substances in Water and Fluvial Sed-
iments," U.S.G.S. Book 5, Chapter AS, 1977.

10. "Acid Dissolution Method for the Analysis of Plutonium in Soil." EPA-600/7-79-
081, March 1979, U.S. EPA Environmental Monitoring and Support Laboratory,
Las Vegas Nevada, 1979.

11. "Procedures for the Isolation of Alpha S pectrometricall y Pure Plutonium. Ura-
nium and Americium," by E. H. Essington and B. J. Drennon, Los Alamos National
Laboratory, a private communication.

12."Isolation of Americium from Urine Samples," Rocky Flats Plant, Health, Safety,
and E n v ironmental Laboratories.
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Lower Limits of Detection

The detection limits presented were calculated using the formula in N.R.C.
Rcgulatorv Guide 4.14, Appendix Lower Limit of Dctcction, pg. 21, and follow:

.1/2
LLD	 4.66	 8KG

DUR

(2.22) (Elf) (CR) (SR) (e-xt) (Aliq),

Where

Lower Limit of Detection in pCi per sample unit
Instrument Background in counts per minute (cpm)
Duration of sample counting in minutes
Counting efficiency in cpm/disintegration per minute (dprn)
Fractional radiochemical yield
Fractional radiochemical yield of a known solution
The radioactive decay constant for the particular radionuclide
the elapsed time between sample collection and counting.

LLD
BKG
DUR
Elf
CR
SR	 =
x

=

In that LLD is a function of many variables including sample matrix, Sample
volume, and other factors, the limits presented are only intended as guides to order-
of-magnitude sensitivities and, in practice, can easily change by a factor of two or
more even for the conditions specified.

0	
ROCKY FLATS PLANT IGMP/CSPCP Draft February 1987 (Revision 1) QA/QC Plan	 Section 3, page 11
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SECTION 1

CONCLUSIONS AND RECOMMENDATIONS

.

1.1	 CONCLUSIONS

The hydrogeologic investigation of the Solar Evaporation Ponds has shown that

the solar ponds are contaminating alluvial ground water migrating to the north into

the North Walnut Creek drainage. The current French drain system does not appear

completely effective in containing the contaminated ground-water flow, as

contaminated ground water occurs directly downgradient of the system.

Surficial ground-water flow in the solar pond area is influenced by

topography, the top of bedrock, and the effects of drainage installations. Ground

water enters the solar pond area from the west and is recharged throughout the area

by incident precipitation. Ground water flows north and east from the solar ponds

following topography and the top of bedrock. Flow to the north is limited by the

French drain system which in the process of collecting contaminated ground water

appears to have produced extensive areas of unsaturated surficial materials.

Unsaturated surficial materials are extensive and continuous to the east and south.

The contaminants of the alluvial ground system are major ions, tritium, uranium, and

nitrate. Total dissolved solids, sulfate, chloride, uranium and nitrate all occur above

proposed ground water quality criteria. Contaminated ground water appears to

recharge North Walnut Creek; however, containment of the water in the downgradient

surface water management ponds results in reduction of contamination to acceptable

levels by natural processes. Ground water in deep sandstones beneath the solar ponds

SOLAR POND CLOSURE CHARACTERIZATION REPORT
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does not appear impacted by the ponds. However, there are several subcropping

L
	 sandstones at the solar ponds, and the extent of contamination, if any, of these units

is unknown at this time but will be evaluated.

1.2 RECOMMENDATIONS

As discussed in Section 5, ground water contamination occurs downgradient of

the French drain at wells 17-86 and 15-86. This may be due in part to the inability

of the French drains to effectively remove large amounts of ground water during

extended or intense periods of precipitation. To analyze the efficiency of the French

drain system separately, it is necessary to characterize the three sources of water

entering the system. Therefore the following recommendations are made to evaluate

the performance of the French drain system. Implementation of these

recommendations will be initiated within the next year:

is

	 1)	 Water entering the uppermost (east-west) intercept trench from the sump
at Building 774 should be monitored monthly for flow rates and
sampled monthly for the standard suite of analytes (Table 5-4).
Monthly monitoring of flow rate may require the design and
installation of a manhole along the western end of the interceptor
trench but east of the 774 sump.

2) Water entering the uppermost (east-west) interceptor trench should be
monitored monthly for flow rates and sampled monthly for the
standard suite of analytes (Table 5-4). Monthly monitoring of flowrates
may require the installation of equipment in the current manhole
located on this trench.

3) Water pumped from the interceptor-trench pumphouse to Pond 207B-
North should be continually monitored for flowrate and sampled
monthly. A meter to measure and record the quantity of water pumped
to Pond 207B North was installed in June 1988.

4) Flow rates and chemical data should be analyzed with respect to
precipitation records collected at Building 774. This will allow
predictions of future pumpage requirements and of future analyte
concentrations.

S	 SOLAR POND CLOSURE CHARACTERIZATION REPORT
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To reduce the total amount of water currently being pumped from the

1^1

.

S

interceptor trench pumphouse and to evaluate the effectiveness of the uppermost east-

west intercept in capturing ground-water flow, the following are recommended:

I) Trenches 1 and 2 and Sumps 1 and 2 from the original trench and sump
system will be reactivated to minimize the area impacted by seepage
from the solar ponds. These reactivated units will return water directly
to the solar ponds. The water which will be collected by these sumps is
currently collected by the east-west lateral.

2) Sealing the surface of the uppermost (east-west) interceptor trench to
the inflow of surface water should be evaluated. The gravel backfill of
this interceptor trench surfaces and intercepts some component of
surface run-off in the area. The expected quantity of surface run-off
collected will first be evaluated before proceeding with sealing the
surface. If the collected surface water run-off component is relatively
small, the surface may not be sealed.

3) Depending upon the flow rates of the water collected at the manhole on
the east-west interceptor trench, and based upon the capability of this
trench to fulfill the needs of the final cap design, direct return of the
water collected in this lateral to the Solar Ponds will be investigated.
The existing manhole, or the manhole that may be installed for flow
measurement, can be converted to a submersible pump station for direct
return.

The following monitoring wells should be installed to further characterize

bedrock hydrogeology at the Solar Evaporation Ponds:

I) A bedrock monitoring well will be installed near well 22-86. The well
should encounter a subcropping sandstone approximately Il feet below
ground level and will be completed over the entire thickness
(approximately seven feet). This well will provide additional bedrock
ground-water quality data.

2) Another bedrock monitoring well should be installed adjacent to well
39-87BR to monitor ground-water quality in the subcropping sandstone
at this location. This well should encounter a subcropping sandstone
approximately five feet below ground surface and will be completed
over the entire thickness of the sandstone (approximately twenty feet).
Well 39-87BR is completed in a deeper sandstone Unit.

3) A bedrock monitoring well will be installed 60 feet north of well 37-87
to monitor ground-water quality in the shallow sandstone at this
location. This well should encounter a sandstone approximately 42 feet
below ground surface. This sandstone subcrops at SPO4-87 and is a

SOLAR POND CLOSURE CHARACTERIZATION REPORT
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minimum of 2.5 feet thick. This new well will be completed over the
entire sandstone interval.

The following activities will be implemented to further assess alluvial ground-.

water conditions:

is

1) An alluvial monitoring well will be installed at approximately N 37,200
and E 21,550 (Rocky Flats coordinates). 	 This well will be
approximately 17 feet deep and screened from three feet below ground
surface to total depth. This well will help define potentiometric
conditions in surficial materials south of the solar ponds and will
provide additional water balance information for the solar pond area.

2) An alluvial monitor well will be installed east of Pond 207B-Center and
west of well 29-86 to evaluate potentiometric conditions in surficial
materials. This well will effectively replace existing well 4-60.

3) Slug tests will be conducted in all newly installed wells as well as wells
11-86, 12-86, 13-86, 15-86, 17-86 22-86, 26-86, 28-86, 30-86, 35-86, 36-86,
37-86, and 56-87. Results of these tests will be used to re-evaluate the
anomalously low values of hydraulic conductivity currently available
for surficial materials in the solar ponds area.

In addition to further evaluation of the French drain system and additional

monitor well installation, the following activities will be conducted to minimize

environmental impacts from the solar ponds. These activities will also provide leak

detection capability for the ponds.

1) Attempt to identify, renovate, and reactivate the drain tiles under the
207-B ponds. These tiles are identified in the engineering drawings of
the 207-B Ponds.

2) Monitor the leak detection unit under the 207-B flexible membrane
liner for early leak detection.

3) Visually inspect the liner of each pond for possible leaks when all
liquids are drained from them. If potential problem areas are
identified, they will be repaired before liquid is transferred back into
that pond.

Lastly, quarterly ground-water monitoring of wells completed in valley fill

alluvium of North Walnut Creek will continue, and an assessment will be made as to

whether corrective action beyond source control at the solar ponds is required. This
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assessment, and the design of any corrective action measures, would be conducted

.

	
under the Low Priority Site Investigations if necessary.

.
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S
SECTION 2

INTRODUCTION

This report presents a hydrogeologic and waste source characterization of the

Solar Evaporation Ponds at Rocky Flats Plant. The solar ponds were first identified

as a RCRA regulated unit in the summer of 1986. Shortly thereafter, an interim

status closure plan for the Solar Evaporation Ponds was prepared in accordance with

the Compliance Agreement. A closure plan for the interim status closure of the Solar

Ponds is required pursuant to Part 265 of the Colorado State Hazardous Waste

Regulations (6 CCR) and Title 40, Part 265 of the Code of Federal Regulations (40

CFR). The goal of the closure plan is to meet closure performance standards as

follows:

o The owner or operator must close the facility in a manner that: a)
minimizes the need for further maintenance; and b) controls, minimizes
or eliminates, to the extent necessary to protect human health and the
environment, post-closure escape of hazardous waste, constituents,
leachate, contaminated rainfall, or waste decomposition products to the
ground or surface waters or to the atmosphere (6 CCR and 40 CCR
265.111).

o The owner or operator must provide a detailed description of the steps
needed to remove or decontaminate all hazardous waste residues and
contaminated containment system components, equipment, structures,
and soils during partial and final closure including, but not limited to,
procedures for cleaning equipment and removing contaminated soils,
methods for sampling and testing surrounding soils, and criteria for
determining the extent of decontamination necessary to satisfy the
closure performance standard [6 CCR and 40 CFR 265.112 (b)(4)].

o The owner or operator must provide a detailed description of other
activities necessary during partial closure period to ensure that all
partial and final closure satisfy the closure performance standards,
including, but not limited to, ground-water monitoring, leachate
collection, and run-on and run-off control [6 CCR and 40 CFR
265.112(b)(5)].
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.
o	 During the partial and final closure periods, all contaminated

equipment, structures and soil must be properly disposed of, or
decontaminated unless specified otherwise in 265.228 or 265.310 (6 CCR
and 40 CFR 265.114).

o If the owner or operator does not remove all the impoundment materials
(standing liquids, waste and waste residues, liners, underlying and
surrounding contaminated soil), he must close the impoundment and
provide post-closure care as for a landfill under Subpart G (6 CCR and
40 CFR 265.110 to 265.120 and 265.310; 6 CCR and 40 CFR 265.288
(a,b,c)).

o At final closure of the landfill or upon closure of any cell, the owner or
operator must cover the landfill or cell with a final cover designed and
constructed to provide long-term minimization of migration of liquids
through the closed landfill; function with minimum maintenance;
promote drainage and minimize erosion or abrasion of the cover;
accommodate settling and subsidence so that the covers' integrity is
maintained; and have a permeability less than or equal to the
permeability of any bottom liner system or natural subsoils present (6
CCR and 40 CFR 265.310).

A closure plan for the Solar Ponds was submitted on November 28, 1986, as

part of the Post Closure Care Permit Application (Rockwell International, 1986a), and

a revised Closure Plan was submitted on March 1, 1987 (Rockwell International,

1987a). Interpretations and conclusions incorporated in this document supersede those

in the March 1, 1987, plan.

2.1 REPORT OVERVIEW

This report provides results of the 1986 and 1987 site characterization

investigations performed at the Solar Evaporation Ponds. 	 Results of previous

investigations are also incorporated. 	 The report begins with site background

information. Presented in this introduction are site location and description,

objectives of this study, and a summary of previous investigation results. The

introduction is followed by a regional setting chapter (Section 3) which describes

climatology, physiography, geology, ground-water hydrology, and surface water

.
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hydrology in the vicinity of Rocky Flats Plant. Section 4, Soils Characterization,

provides a chemical characterization of the Solar Evaporation Pond sludges, liquids,

liners, and surrounding soils; and Section 5, Site Hydrogeology, discusses geology,

ground-water flow, and ground-water quality in the vicinity of the solar ponds. The

hydrogeology and water quality of both surficial and bedrock flow systems are

presented in Section 5 along with an evaluation of the French drain system north of

the ponds. Surface water characterization, Section 6, discusses water flow and water

quality data for North Walnut Creek, South Walnut Creek, Ponds A-i through A-4,

and Ponds B-1 through B-5.

Appendices A through E contain supporting data. The work plan for the 1987

field work is presented in Appendix A. Appendix B contains hydrogeologic data, and

analytical data for soils, ground water, surface water, and sediments are found in

Appendix C. Appendix D contains historical analytical data, and Appendix E consists

of data collected during previous investigations.

2.2 SITE LOCATION AND DESCRIPTION

The Rocky Flats Plant is located in northern Jefferson County, Colorado,

approximately 16 miles northwest of Denver (Figure 2-1). The Plant consists of

approximately 6,550 acres of federally owned land in Sections 1 through 4 and 9

through 15 of T2S, R70W, 6th Principal Meridian. Major buildings are located within

the Plant security area of approximately 400 acres. The security area is surrounded

by a buffer zone of approximately 6,150 acres (Figure 2-2).

.
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This site characterization report addresses the 207 Solar Evaporation Ponds,

located on the north side of the Perimeter Security Zone (PSZ) at the Rocky Flats

Plant (Figure 2-2).

2.2.1. Construction History

The original solar evaporation pond consisted of a single clay-lined

impoundment constructed in December 1953 in the vicinity of the existing Pond 207-

C. Plate 2-1 shows the locations of the original and existing ponds. The clay-lined

pond had two containments measuring 100 by 200 feet and 200 by 200 feet,

respectively, and was operated with both one and two cells until 1956 when its

regular use was discontinued. However, at least one of the two cells held liquids at

least once since 1963. This pond was removed in 1970 (Colorado Aerial Photo Service

• 1968, 1970, 1972, 1974-1985; U.S. Geological Survey, 1971; Scharf and Associates 1986;

Agricultural Stabilization and Conservation Service, 1969), when the existing 207-C

pond was constructed.

Pond 207-A was placed in service in August 1956. The pond was originally

lined with asphalt planking approximately one-half inch thick. Ponds 207-B North,

Center, and South were placed in service in June 1960. These ponds were also lined

with asphalt planking. Pond 207-C was placed in service in December 1970. The

original lining is presumed to be the existing lining. Modifications to the ponds'

linings have been made since the original construction because of cracking and

slumping of the existing linings and leakage of pond contents. Pond 207-A and the

three 207-B ponds have been relined at least one time each. No records were located

which indicate Pond 207-C has been relined. Details of the specifications of the

linings are presented in Section 1.2.1 of this Solar Evaporation Pond Closure Plan.

S
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Six interceptor trenches and a "French drain" system (Rockwell, 1983a) have

been constructed on the hillside north of the solar ponds to prevent natural seepage

and pond leakage from entering North Walnut Creek. The six interceptor trenches

were constructed north of the ponds in the 1970's. Trenches 1 and 2 were installed in

October 1971, Trench 3 in September 1972, Trenches 4 and 5 in April 1974, and

Trench 6 in July 1974 (DOE, 1985). The French drain system was installed in the

hillside north of the Solar Evaporation Ponds sometime between June 1980 and April

1981 and is currently in use. This system replaced the interceptor trenches. The

intercepted seepage was and is pumped back into Ponds 207-B North and Center

(Hawes, 1986). Details of the past and current uses of the system are presented in

Section 1.2.1 of this Solar Evaporation Pond Closure Plan.

.

r

2.3	 OBJECTIVES

The objectives of this study are to characterize waste sources, site geology and

hydrology, and the extent of ground-water and soils contamination. This information

will support closure activities, post closure care, and monitoring programs.

Specifically, it is the objective of this study to evaluate the effectiveness of the

French drain system and to make recommendations for additional data collection as

needed.

2.4 SUMMARY OF PREVIOUS INVESTIGATIONS

A series of investigations have been conducted at Rocky Flats Plant to

characterize ground water, surface water, and soils. A summary of investigations

performed at the Solar Evaporation Ponds is presented below.
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Woodward-Clyde and Associates, 1970, conducted an investigation of a

potential landslide area north of Solar Evaporation Ponds 207-A, B, and C. Test holes

were drilled to assist in the determination of subsoil and ground-water conditions and

evaluate landslide risk. Ten test holes were drilled and up to six feet of fill was

encountered underlain by 5 to 21 feet of clay, clayey gravel and sand, and weathered

claystone. Free water was encountered in all test holes. The study concluded that the

hillside below the ponds is a high risk area for landsliding, particularly with the

probable addition of subsurface water flows from the ponds. In addition, it was

recommended that a drainage system to remove subsurface water be installed:

Engineering Science (1975) conducted an investigation concerning the problem

of nitrate salts being transported from the area of 207 Solar Evaporation Ponds into

North Walnut Creek. Ten holes were drilled along the north and east exterior of the

Solar Evaporation Ponds and 21 additional test holes were drilled down the north

slope of the ponds to determine the distribution of contaminated soil. These holes

were terminated in bedrock and samples were collected for laboratory analysis.

Findings from this study indicated that soils north and east of the solar ponds were

contaminated with nitrate and that these nitrates would continue to leak from the

contaminated soil and be transported to North Walnut Creek. A system comprised of

a polyethylene-lined French drain and trenches to intercept surface water runoff and

ground-water from entering North Walnut Creek was proposed.

Another geotechnical investigation was conducted in 1984 by Geotechnical and

Materials. Two exploratory test borings were drilled southeast and east of Pond 207-C

to describe the subsurface conditions and recommend suitable types and depths of

foundations for proposed new structures. These borings terminated approximately 14

feet below the existing grade in overburden materials. This study concluded that the

S
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proposed structures could be founded on spread footings, ring-wall, or mat

foundations bearing on the in situ soils.

Hydro-Search, Inc. (1985) presented a hydrogeologic characterization of the

Rocky Flats Plant. This report describes the hydrogeologic and ground-water Quality

conditions at the Plant based on existing data at the time. The ground-water

monitoring system was described and evaluated, and recommendations were made for

a new monitoring program.

In 1986, R.L. Henry (Rockwell International) submitted a report summarizing

trends observed in the surface water monitoring at Rocky Flats Plant. The report

discusses the surface water control system (SWCS) completed in 1980, which is

designed to divert flow around Plant site and collect surface runoff and store it

temporarily for monitoring before discharge. Non-radioactive and radioactive trends

in the surface water were also discussed.

Chen and Associates (Rockwell International, 1986a) prepared a closure plan

for the Solar Evaporation Ponds. The plan describes the construction and operation

procedures at the solar ponds including past usage and size and volume of

impoundments, waste inventory, and treatment and disposal of wastes. This closure

plan was revised in 1987 (Rockwell International, 1987a).

.

Twenty-one ground-water monitoring'wells were installed in 1986. These wells

were installed to characterize the hydrogeology in the solar ponds area and to

evaluate if the solar ponds were an imminent threat to the public or the environment.

The work plan for the 1986 field program is presented in Rockwell International

(1986b), and Plate 2-1 presents monitor well locations at the Rocky Flats Facility.
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. Chen and Associates (Rockwell International, 1986c) also prepared a

preliminary prioritization of sites at the Rocky Flats Plant. The prioritization of

sites was based on review of previous investigations and historical aerial photographs.

The Solar Evaporation Ponds were considered a priority site.

In 1987, 6 monitor wells and 14 boreholes were drilled for characterization of

the solar pond area. Results of this drilling program are presented in Sections 4 and

5 of this report.

Rockwell International (1975, 1976, 1977, 1978, 1979, 1980, 1981, 1982, 1983,

1984, 1985, 1986g. and 1987a) are annual environmental monitoring reports. These

reports summarize annual monitoring, data collection, analysis, and evaluation

occurring at the facility.

.
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SECTION 3

REGIONAL SETTING

This section presents the regional setting of Rocky Flats Plant, including

discussions of climatology, physiography, geology, ground-water hydrology, and

surface water hydrology. Site-specific discussions of hydrogeology and surface water

hydrology at the Solar Pond Area are presented in Sections 5.0 and 6.0, respectively.

3.1 CLIMATOLOGY

The area surrounding the Rocky Flats Plant has a semiarid climate typical of

the Rocky Mountain region. However, the elevation of the Plant and the nearby

slopes of the Front Range slightly modify the regional climate.

i
sWinds at Rocky Flats Plant, although variable, are predominantly from the

west-northwest. Stronger winds occur during the winter, and the area occasionally

experiences Chinook winds with gusts up to 100 miles per hour because of its location

near the Front Range (DOE, 1980). Figure 3-1 shows the wind direction, frequency,

and average velocity for each direction as recorded in 1985.

Temperatures are moderate; extremely warm or cold weather is usually of

short duration. On the average, daily summer temperatures range from 55 to 85

degrees Fahrenheit (F) and winter temperatures range from 20 to 45 degrees F.

Temperature extremes recorded at the Plant have ranged from 102 degrees F on July

12, 1971 to -26 degrees F on January 12, 1963. The 24-year daily average maximum

temperature for the period 1952 to 1976 was 76 degrees F, the daily average minimum
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1986 Annual Wind Rose for the Rocky Flats Plant



1^1

.

was 22 degrees F, and the average annual mean was 50 degrees F. Average relative

humidity was 46 percent (DOE, 1980).

Average annual precipitation at the Plant is 15 inches. Approximately 40

percent of the precipitation falls during the spring season, much of it as snow.

Thunderstorms from June to August account for an additional 30 percent of the

precipitation. Autumn and winter are drier seasons, accounting for 19 and 11 percent

of the annual precipitation, respectively. Snowfall averages 85 inches per year,

generally occurring between October and May (DOE, 1980).

3.2 PHYSIOGRAPHY

The Rocky Flats Plant is located at an elevation of approximately 6,000 feet

above mean sea level. The site is on the western margin of the Colorado Piedmont

section of the Great Plains Physiographic Province (Fenneman, 1931). The Colorado

Piedmont ranges in elevation from 4,000 feet on the east to 7,000 feet on the west.

The Piedmont merges to the east with the High Plains section of the Great Plains

Province and is terminated abruptly on the west by the Front Range section of the

Southern Rocky Mountain Province (Figure 3-2).

The Colorado Piedmont is an area of dissected topography and denudation

where Tertiary strata underlying the High Plains have been almost completely

removed. In a regional context, the piedmont represents an old erosional surface

along the eastern margin of the Rocky Mountains. It is underlain by gently dipping

sedimentary rocks (Paleozoic to Cenozoic in age), which are abruptly upturned at the

Front Range to form hogback ridges parallel to the mountain front. The piedmont

surface is broadly rolling and slopes gently to the east with a topographic relief of
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only several hundred feet. This relief is due both to resistant bedrock units that

. locally rise above the surrounding landscape and to the presence of incised stream

valleys. Major stream valleys which transect the piedmont from west to east have

their origin in the Front Range. Small local valleys have developed as tributaries to

these major streams within the piedmont. In the area of the Plant, a series of

Quaternary pediments have been eroded across this gently rolling surface (DOE,

1980).

The eastern margin of the Front Range a few miles west of the Plant is

characterized by a narrow zone of hogback ridges and flatirons formed by steeply

east-dipping Mesozoic strata (such as the Dakota Sandstone and the Fountain

Formation). Less resistant sedimentary units were removed by erosion (Figure 3-2).

The Front Range reaches elevations of 12,000 to 14,000 feet above mean sea level 15

miles farther west. The range itself is broad and underlain by resistant gneiss, schist

is 

and granitic rocks of Precambrian age. The resistant nature of these rocks has

restricted stream erosion so that deep, narrow canyons have developed in the Front

Range.

Several pediments have been eroded across both hard and soft bedrock in the

area of the Plant during Quaternary time (Scott, 1963). The Rocky Flats pediment is

LI the most extensive of these, forming a broad flat surface south of Coal Creek. The

broad pediments and more narrow terraces are covered by thin alluvial deposits of

ancient streams draining eastward into the Great Plains. The sequence of pediments

reflects repetitive physical processes associated with cyclic changes in climate. Each

erosional surface and stratigraphic sequence deposited on it probably represents a

single glacial cycle. The oldest and highest pediment, the Subsummit Surface (Scott,

1960), truncates the hogback ridges of the Front Range. Three successively younger
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pediments, veneered by alluvial gravels, extend eastward from the mountain front.

Erosion of valleys into the pediments followed each depositional cycle so that, near

the mountain front, stratigraphically younger geologic units occur at topographically

lower elevations as narrow terrace deposits along the streams. From oldest to

youngest, the three pre-Wisconsin deposits are the Rocky Flats Alluvium, the Verdos

Alluvium and the Slocum Alluvium (Scott, 1965). A series of Wisconsin and post-

Wisconsin terrace deposits are present at lower elevations along streams that have

incised the older pediments (east of the Plant). These alluvial deposits are described

in Section 3.3.3, Surficial Geology.

The Rocky Flats Plant is located on a relatively flat surface of Rocky Flats

Alluvium. The pediment surface and overlying alluvium (generally 10 to 50 feet

thick, although the alluvium is as much as 100 feet thick west of the Plant) have been

eroded by Walnut Creek on the north and Woman Creek on the south so that terraces

along these streams range in height from 50 to 150 feet. The grade of the gently

eastward-sloping, dissected Rocky Flats Alluvium surface varies from 0.7 percent at

the Plant to approximately 2 percent just east of the Plant.

3.3 REGIONAL GEOLOGY

3.3.1 Geolo gic and Strati graohic History

This section describes the regional geologic and stratigraphic history in the

vicinity of the Plant, including the Denver Basin. Section 5.0 describes the site

specific geology and stratigraphy of the Solar Pond Area.

The Rocky Flats Plant is located on the northwestern flank of the Denver

Basin and is underlain by about 12,000 feet of Paleozoic and Mesozoic sedimentary
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rocks (Hurr, 1976). The Denver Basin is an asymmetric syncline that formed during

the Late Cretaceous Laramide Orogeny. The western limb of the basin dips steeply to

the east, and the eastern limb dips gently to the west (Figure 3-3).

The geologic history of northeastern Colorado involves several episodes of

mountain building and oceanic transgression and regression, resulting in the

deposition of thousands of feet of sedimentary rock on top of the Precambrian

basement. This section describes the geologic history beginning with Precambrian

time. Geologic descriptions of the various units are provided within this context.

More detailed descriptions of the units present on site are provided in Section 5.0.

Early Precambrian tectonic, metamorphic, and plutonic igneous activity

created a complex fabric in the basement rock of Colorado (Grose, 1972). The

Precambrian units were covered by marine and continental sedimentation during the

lower Paleozoic (carbonate and siliciclastic rock units were deposited unconformably

on the Precambrian basement). Most of these units were later eroded by multiple

Paleozoic diastrophisms, thus removing Cambrian to Mississippian rocks from the

Denver Basin area (Kent, 1972).

Middle Pennsylvanian orogenic activity formed the Ancestral Rockies, and the

Fountain Formation was deposited unconformably on the uplifted Precambrian

basement (Figure 3-4). The Fountain Formation contains coarse clastics derived

from the erosion of the Ancestral Rockies and deposited as alluvial fans along a

continental margin (Martin, 1965). The result was nonmarine sedimentation that

occurred in northeastern Colorado from the Triassic to early Cretaceous. This

sedimentation deposited a sequence of aeolian, fluvial-deltaic, and lacustrine units
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known as the Lyons, Lykins, Ralston Creek, Morrison, and Dakota Formations (Figure

3-4) (Kent, 1972).

The Pierre Shale, consisting of more than 5,600 feet of shales and siltstones,

was deposited in the final phases of oceanic sedimentation. The sedimentation

resulted from the last oceanic transgression occurring 100 million years ago during

the late Cretaceous. This transgression formed an epicontinental sea called the

Cretaceous Seaway that covered the eastern portions of New Mexico, Colorado, and

Wyoming.

Following deposition of the Pierre, the ocean began to regress and deposition

of the Upper Cretaceous Fox Hills and Laramie Formations occurred. These

formations contain sandstones, siltstones, claystones, and coals deposited in fluvial-

deltaic and lacustrine environments (Weimer, 1973). Deposition of the Laramie was

influenced and then stopped by the Laramide Orogeny, a major mountain building

event that began in the late Cretaceous and caused uplift of the Colorado Front

Range Mountains and the eastward tilting of the Denver Basin.

The Upper Cretaceous Arapahoe Formation was deposited on an erosional

surface marking the end of deposition of the Laramie. Major uplift of the Front

Range and downwarp of the Denver Basin continued during deposition of the

Arapahoe Formation. Coarse pebble conglomerate lenses deposited in alluvial fans

commonly occur in the Lower Arapahoe; however, conglomerate lenses have not been

found at Rocky Flats Plant. Claystone and sandstone units flank and top the alluvial

fan deposits (Weimer, 1973).
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The Denver Formation was deposited above the Arapahoe and is over 600 feet

thick. This formation contains a variety of lithologies including siltstones, arkoses,

conglomerates, and basalt flows (near Golden, Colorado) (Robson, 1984).

The Dawson Formation was deposited above the Denver in a similar geologic

environment during the late Cretaceous and early Tertiary. 	 Robinson (1972)

described the Dawson Formation as a stratigraphic equivalent to the Denver

Formation in southern portions of the Denver Basin. However, Robson (1984) mapped

the Dawson as a separate, younger (Tertiary) formation occurring above the Denver.

The Dawson is up to 600 feet thick and consists of conglomerates, sandstones, and

shales (Robson, 1984).

The Tertiary Green Mountain Conglomerate was deposited unconformably on

the Denver Formation, and consists of conglomerates, sandstones, siltstones, and

claystones deposited by a local fluvial system that occurred only in the Golden,

Colorado, area. This unit is only found capping Green Mountain, approximately 15

miles south of Rocky Flats Plant (Costa and Bilodeau, 1982).

The Rocky Flats Alluvium was deposited on top of a major erosional surface

that developed in late Tertiary time. Before deposition of the Rocky Flats Alluvium,

both the Dawson and Denver Formations were completely removed by erosion. The

Green Mountain Conglomerate may never have been deposited at the site, but if it

was, it also was removed by erosion. The Rocky Flats Alluvium contains boulders,

cobbles, gravels, sands, silts, and clays deposited in alluvial fans at the base of the

Colorado Front Range Mountains (Hurr, 1976).

Following deposition of the Rocky Flats Alluvium, the material was partially

removed by erosion and the resulting drainages repeatedly infilled with more recent
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sediments. The Verdos Alluvium and the younger Slocum Alluvium are the result of

. drainage infilling associated with glacial activity. Similar processes are occurring

now with an active valley fill alluvium in the stream channels and a recent but stable

terrace above the valley fill.

3.3.2 Plant Bedrock Geology

Bedrock units mapped at the Plant consist of the Laramie and Arapahoe

Formations (Rockwell International, 1986a). These are shown in cross section in

Figure 3-5. Because of the thickness (750 to 800 feet) and low permeability of the

Upper Laramie, it is considered to be the base of the hydrologic system which could

be affected by Plant operations (Hurr, 1976). The Upper Laramie and overlying

Arapahoe Formations are described below.

S Laramie Formation

The Laramie Formation is a fluvial sequence of sandstones, siltstones,

claystones, and coals, which is subdivided into two major lithologic units: a lower

sandstone unit and an upper claystone unit. The lower sandstone unit is exposed in

clay pits west of the Plant, and the upper claystone unit was observed in outcrop and

in cores of several 1986 monitor wells west of the Plant. The descriptions presented

below are taken from Rockwell International (1986a).
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Lower Sandstone Unit: The lower sandstone unit consists of light to medium gray,

very fine- to medium-grained, well sorted, subrounded to subangular quartzose

sand with up to 25% lithic fragments. Sandstones are typically fair to poorly

indurated and cemented with silica. Individual sandstone beds are 5 to 15 feet

thick and are interbedded with white to light gray claystones. The

claystones are organic-rich and kaolinitic and have been mined from the clay

pits west of the plant. Individual claystone beds are 10 to 15 feet thick.

Sedimentary structures observed in outcrop include planar, angular, and trough

crossbeds, load structures, fluid escape structures, and ripple marks. Plant

fossil casts and molds of branches, stems, and leaves are concentrated along

bedding planes. The contact between the lower sandstone unit and the upper

claystone unit is gradational and was selected where thick sandstone beds and

kaolinite-rich claystones are less abundant.

UDDer Clavst pne Unit: The upper claystone unit consists primarily of dark olive gray

(5 Y 2/1) (GSA Rock Color Chart), poorly indurated claystones. Upper

Laramie claystones generally weather to a light olive gray (5 Y 4/I) and may

have dark yellowish orange (10 YR 6/6) iron staining along bedding planes

and secondary fractures. These claystones appear quite similar to Arapahoe

claystones in outcrop.

Thin sandstone lenses (less than three feet thick) also occur in the upper

Laramie. These sandstones are typically yellowish gray (5 Y 8/1), fine- to very

fine-grained, well sorted, subangular, and calcareous. Core data (well 50-86)

indicate that thin beds of white, kaolinite-rich claystone typical of the Lower

Laramie occur in the Upper Laramie as well.
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The contact between the Upper Laramie claystones and the Lower Arapahoe

sandstones is gradational and was selected using core data. The contact was picked

below the first Arapahoe sandstone greater than five feet thick (Rockwell

International, 1986a). This is consistent with the stratigraphic horizon picked as the

base of the Arapahoe Formation at Rocky Flats Plant by Hurr (1976, 1985).

1^

AraDahoe Formation

The Arapahoe Formation consists of fluvial claystones with interbedded

lenticular sandstones and siltstones. Contacts between these lithologies are both sharp

and gradational. The claystones are olive gray (5 Y3/2) to dark gray (N 3/0), poorly

indurated, silty, and contain up to 15 percent organic material. Weathering has

penetrated from 10 to 40 feet into bedrock. The weathered claystone is light olive

gray, blocky, slightly fractured, and has iron staining as mottles and along bedding

planes and fractures (Rockwell International, 1986a).

Sandstones in the Arapahoe Formation are light gray (N 6/0) to yellowish gray

(5 YR 8/1), very fine- to medium-grained, with approximately 15 percent silt and

clay. The sandstones are lenticular, discontinuous, and stratigraphically complex.

The sand grains are subangular to subrounded and are predominantly quartzose with

10 percent lithic fragments. The sandstones are poorly to moderately cemented and

exhibit ripple marks, load casts, and planar, angular, and trough crossbedding.

Arapahoe Formation siltstones exhibit the same coloration, constituents, bedding

characteristics, and sedimentary structures as the sandstones; however, they consist

predominantly of silt-sized particles (Rockwell International, 1986a).
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3.3.3 Plant Surf icial Geology

There are six distinct Quaternary unconsolidated units of surf icial materials in

the vicinity of the Plant: Rocky Flats Alluvium, Verdos Alluvium, Slocum Alluvium,

terrace alluviums, valley fill alluvium, and colluvium (Figure 3-6).

The Rocky Flats Alluvium is topographically the highest and the oldest of the

alluvial deposits. The alluvium unconformably overlies the Laramie and Arapahoe

Formations in the vicinity of the Plant. The deposit is a series of laterally coalescing

alluvial fans deposited by streams (Hurr, 1976). The fans were deposited on an ero-

sional surface cut into the bedrock units, including channelization around the

hogbacks of the lower Laramie.

The alluvium consists of sand, clay, silt, gravel, cobble, and occasional boulder

deposits. Locally, the alluvium is cemented with calcium carbonate in the form of

caliche. Color of the alluvium is pale to dark yellowish brown. The sands range

from very fine-grained to medium-grained and poorly to moderately sorted. The

thickness of the alluvium is variable due to deposition on an erosional surface and

recent erosional processes. The alluvium is thickest to the west of the Plant, where

less has been eroded, and thinnest to the east of the Plant (Rockwell International,

1986a).

Various alluvial deposits occur topographically below the Rocky Flats

Alluvium in the drainages and include the Verdos, Slocum, terrace, and valley fill

alluviums and colluvium (Figure 3-7). These deposits are primarily composed of

reworked Rocky Flats Alluvium with the addition of some bedrock material. Each

unit is described below.
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The Verdos Alluvium occupies a topographic position about 0 to 100 feet

below the adjacent top of the Rocky Flats Alluvium. The Verdos was deposited

around the periphery of the present extent of the Rocky Flats Alluvium as fans and

channel filling derived by erosion of the older Rocky Flats Alluvium. The maximum

thickness is about 40 feet, occurring as terraces in valleys east of the Plant. The

alluvium consists of unsorted gravels, sands, and clays similar to the Rocky Flats

Alluvium, but the material is whitish gray in color (Rockwell International, 1986a).

The Slocum Alluvium is a poorly sorted gravel deposit containing much sand,

silt, and clay derived from erosion of bedrock and the older gravel deposits. The

formation has a maximum thickness in the vicinity of the Plant of about 20 feet, but

is commonly 5 to 10 feet thick. It occupies a topographic position of about 150 to 300

feet below the top of the Rocky Flats Alluvium, and occurs downslope of the Verdos

Alluvium in valleys east of the Plant site (Rockwell International, 1986a).

Locally, two Wisconsin-age terraces are associated with the present drainages.

The terrace alluvium occurs 5 to 35 feet above recent valley floors. The alluvium is

comprised of gravels, sands, and clays, derived from bedrock and reworking of older

alluvial deposits. The terrace alluvium can rarely occur up to 30 feet in thickness;

however, the thickness is usually around 5 feet. The alluvium occurs in valleys

surrounding the Plant (Rockwell International, 1986a).

Valley fill alluvium occurs in the bottom of the present stream valleys around

the Plant. The valley fill ranges from dark-brown, sandy, clayey silt to moderately

sorted cobbles and small boulders, recently reworked from previously deposited

alluviums. The valley fill along streams which head on the Rocky Flats Alluvium

L

and have not yet cut through to bedrock tends to be coarse and have little or no fine
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material. However, where the valley fill is deposited on bedrock, 0.5 to 2 feet of

cobbly sand and gravel commonly is overlain by several feet of sandy, clayey silt

(Rockwell International, 1986a). Subsequent erosion and deposition locally may have

added more sand, gravel and cobbles on top of the silt, or cut through the valley fill

to expose bedrock along the channel bottom (Hurr, 1976).

Colluvium, produced by mass wasting and downslope creep, collects on the

sides and at the base of hills and slopes. These deposits are poorly sorted mixtures of

soil and debris from bedrock clay and sand mixed with gravel and cobbles derived

from the older Rocky Flats Alluvium. The colluvium consists predominantly of clay

with common occurrences of sandy clay and gravel. Color is yellowish brown to

dusky brown and caliche is common locally. The thickness of the colluvium ranges

from 3 to 22 feet (Rockwell International, 1986a).

3.3.4 Re gional Bedrock Structure

The general geologic structure of the area is north-striking sedimentary beds

with dips to the east away from the Front Range Monocline. Dips are quite steep

west of the Plant in the Fox Hills Sandstone and Laramie Formation (on the order of

50 degrees or greater). These units are flanked on the west by Precambrian terrain of

the Front Range Uplift and on the east by gently dipping sedimentary beds of the

Denver Basin. However, because the axis of the monocline onto the Front Range

appears to be inclined to the east, dips become rapidly more gentle, on the order of 7

to 15 degrees beneath the Plant itself (Rockwell International, 1986a). A major

bounding fault between the Front Range and the Denver Basin, the Golden Fault,

runs north-south several miles west of the Plant at the mountain front (Figure 3-7).
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The majority of the displacement on the Golden Fault, the uplift of the Front

Range and subsidence of the Denver Basin, occurred during the Late Cretaceous to

early Eocene Laramide Orogeny about 40 to 70 million years ago (Martin, 1965).

Erosion during the Laramide Orogeny is believed to have kept pace with uplift and

the Front Range probably never stood very high above the Denver Basin during the

orogeny. By the late Eocene, an erosional surface of the low relief covered much of

the Rocky Mountain Region.

The present rugged topography to the west of the Rocky Flats Plant is the

result of Post-Laramide tectonics and erosion. About 5,000 to 10,000 feet of uplift

has taken place in the Rocky Mountain Region since the early Miocene about 25

million years ago. Late Tertiary block faulting is believed to have accompanied the

regional uplift as indicated by apparent displacements of the late Eocene erosional

surface (Scott, 1975 and Epis and Chapin, 1975). There is some evidence that block

faulting has continued into the Quaternary (Scott, 1970; Whitkind, 1976; and Kirkham

and Rogers, 1981).

In 1981, extensive studies were done to evaluate the Quaternary history of the

Golden Fault and other faults at the Rocky Flats Plant and vicinity (Dames and

Moore, 1981). The Golden Fault studies did not produce any evidence of tectonic

activity along the Golden Fault within the past 500,000 years, and the fault does not

have surficial expressions characteristic of geologically young fault zones.

Hurr (1976) showed a fault crossing the eastern edge of the Plant, based on a

series of bedding irregularities that appeared to be an extension of the previously

mapped Eggleston Fault (northwest of the site). Further investigations of the feature

(Dames and Moore, 1981) revealed that it is probably a penecontemporaneous growth
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fault attributed to slumping of the unconsolidated Arapahoe Formation before burial

and lithification. The Denver Basin has been tectonically stable for about 28 million

years with the exception of a series of earthquakes associated with waste injection at

the Rocky Mountain Arsenal in the 1960s and possible surface rupture on the Golden

Fault approximately 600,000 years ago (Kirkham and Rogers, 1981).

.

3.4 REGIONAL GROUND-WATER HYDROLOGY

There are two hydraulically connected ground-water systems at the Rocky

Flats Plant. These systems occur in the surficial material (Rocky Flats Alluvium,

colluvium, and valley fill material) and the underlying bedrock formations (Laramie-

Fox Hills Aquifer and the Arapahoe Aquifer). These are discussed individually

below.

3.4.1 Unconfined Surficial Flow Systems

Rechar ge/Dischar ge Conditions

The shallow ground-water flow system occurs in the Rocky Flats Alluvium and

other surficial materials under unconfined conditions. The alluvium is recharged by

infiltration of incident precipitation, irrigation, and surface water diversion canals

(primarily through the Rocky Flats Alluvium). In addition, the retention ponds in the

various drainages recharge the valley fill alluvium.

The shallow system appears to be quite dynamic, with large water level

changes in response to seasonal and other stresses. Hurr (1976) describes the rapid

response of water levels in wells completed in the Rocky Flats Alluvium to surface

flows in the irrigation ditches. Similarly, between mid-April and September 1986, the
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water levels in wells 1-86 and 4-86 at the eastern property boundary (completed in

. most recent valley fill) dropped more than four to eight feet, respectively. These

wells were dry in September, and there was no water exiting the Plant as ground-

water flow in the valley fill alluvium in either Woman or Walnut Creek.

Ground-Water Flow Directions

Flow directions follow topography to the east and toward the drainages. In

addition, flow directions are controlled by the configuration of the top of bedrock

beneath surficial materials. The ground water in the drainages flows to the east in

the valley fill materials and discharges as subsurface flow across the eastern Plant

boundary during some portions of the year. In addition, water in all of the surficial

materials recharges the bedrock.

3.4.2 Bedrock Flow Systems

The Denver ground-water basin underlies a 6,700 square mile area extending

from the Front Range on the west to near Limon, Colorado on the east and from

Greeley on the north to Colorado Springs on the south. The four major bedrock

aquifers from deepest to shallowest are the Laramie-Fox Hills Aquifer, the Arapahoe

Aquifer, the Denver Aquifer, and the Dawson Aquifer. The Pierre Shale underlies

these units and is considered the base of the Denver Basin bedrock aquifer system

due to its great thickness (up to 8000 feet) and its low permeability (Robson and

others, 1981a).

Presented below are discussions of the two Denver Basin bedrock aquifers

which occur beneath Rocky Flats Plant - the Laramie-Fox Hills Aquifer and the
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Arapahoe Aquifer. The Denver and Dawson Aquifers do not occur in the immediate

vicinity of Rocky Flats Plant.

Laramie-Fox Hills Aquifer

The Laramie-Fox Hills Aquifer is composed of the upper sandstone and

siltstone units of the Fox Hills Formation and the lower sandstone units of the

Laramie Formation. The thickness of the aquifer ranges from zero near the aquifer

boundaries to 200 to 300 feet near the center of the basin. The upper Laramie coals

and claystones separate the Laramie-Fox Hills Aquifer from the overlying Arapahoe

Aquifer (Robson and others, 1981b).

On a regional scale ground-water in the Laramie-Fox Hills Aquifer flows from

outcrop recharge areas toward the center of the basin and discharges to remote stream

valleys. In addition, ground water discharges to pumping wells in the basin (Robson

and others, 1981b). In the vicinity of Rocky Flats Plant ground-water flow is

generally from the west to the east.

Ara pahoe Aquifer

The Arapahoe Aquifer is defined as the saturated portion of the Arapahoe

Formation by Robson and others (1981a). The Arapahoe Formation consists of a 400

to 700 foot thick sequence of interbedded claystones, siltstones, sandstones, and

conglomerates with claystones and shale being more prominent in the northern third

of the basin (Robson and others, 1981a). Individual sandstone beds are commonly

lens shaped and range from a few inches to 30 to 40 feet in thickness (Robson and

others, 1981a). Beneath the Plant the majority of ground-water flow in the Arapahoe
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is in the lenticular sandstones contained within the claystones (Rockwell

International, 1986a).

There are two primary methods of recharge to the Arapahoe Aquifer. In

outcrop and subcrop areas, it occurs from infiltration of incident precipitation and as

infiltration of water from shallow alluvial aquifers. However, on a regional scale the

primary recharge mechanism for the Arapahoe Aquifer is leakage from the overlying

Denver Aquifer (Robson and others, 1981a).

Ground-water flow in the Arapahoe Aquifer is from recharge areas at the

edges of the basin toward discharge areas along incised stream valleys. Ground-water

is also discharged to pumping wells (Robson and others, 1981a). Ground-water flow

in the vicinity of Rocky Flats Plant is from west to east toward the area of regional

discharge along the South Platte River.

3.4.3 Ground-Water Use

Usable ground water occurs in both the Laramie-Fox Hills and Arapahoe

Aquifers. The Laramie-Fox Hills subcrops west of the Plant but has little potential

for use in the general area because of its great depth (approximately 750 to 800 feet

deeper than the Arapahoe). Various sandstones in the Arapahoe Aquifer are used for

irrigation, livestock watering, and domestic purposes east of the Plant.
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3.5 SURFACE WATER HYDROLOGY

3.5.1 Natural Drainages

Three ephemeral streams drain the Rocky Flats Plant with flow generally from

west to east (Figure 3-8). Rock Creek drains the northwestern corner and flows to the

northeast in the buffer zone to its off-site confluence with Coal Creek.

A topographic divide bisects the Plant. The divide trends east-west and lies

slightly south of Central Avenue (the approximate center line of the Plant site). An

interceptor ditch lies between the Plant and the southern drainage Woman Creek. The

South Interceptor Ditch is tributary to the "C" Ponds. Surface runoff downstream of

the interceptor ditch is tributary to Woman Creek, which flows eastward to Standley

Lake. An irrigation ditch headgate located in the northeast quarter of the northwest

quarter diverts water from Woman Creek and conveys it to a small reservoir known as

Mower Reservoir. North and South Walnut Creeks and an unnamed tributary drain

the remainder of the Plant. These three forks of Walnut Creek join in the buffer

zone (approximately 0.7 miles downstream of the eastern edge of the Plant security

area) and flow to Great Western Reservoir approximately one mile east of the

confluence of the forks.

3.5.2 Ditches and Diversions

The Church and McKay ditches cross the northern portion of the Plant. Both

carry water diverted from Coal Creek to Great Western Reservoir. A diversion

structure has been built in North Walnut Creek upstream of the Plant to divert

McKay ditch out of the drainage. The ditches parallel each other north of the
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Present Landfill and enter the Walnut Creek drainage downstream of the confluence

of the north and south forks.
.

.

In addition to the natural flows, there are six ditches in the general vicinity of

the Plant. The Church, McKay, and Kinnear Ditch and Reservoir Co. Ditches

(diversions of Coal Creek) cross the Plant. Church Ditch delivers water to Upper

Church Lake and Great Western Reservoir (City of Broomfield municipal water

storage). McKay Ditch also supplies water to Great Western Reservoir. Kinnear

Ditch and Reservoir Co. Ditch diverts water from Coal Creek and delivers it to

Standley Lake (municipal water storage for the City of Westminster) via Woman

Creek. Woman Creek also delivers water to Mower Reservoir. Last Chance Ditch

flows south of the Plant and delivers water to Rocky Flats Lake and Twin Lakes.

Smart Ditch takes water from Rocky Flats Lake and transports it out of the area to

the east. The South Boulder Diversion Canal runs along the western upgradient edge

of the Plant diverting water from South Boulder Creek and delivering it to Ralston

Reservoir (City of Denver municipal water storage).

3.5.3 Retention Ponds and Plant Discharges

A series of dams, retention ponds, diversion structures, and ditches has been

constructed at the Plant to control surface water and limit the potential for release of

poor quality water.

The ponds are located in the drainages of Walnut and Woman Creeks and are

designated the A, B, and C series ponds. Discharges from the downstream pond in

each series are in accordance with the Plant's National Pollution Discharge

Elimination System (NPDES) permit. Ponds A-I and A-2 are used only for spill
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control, and North Walnut Creek stream flow is diverted around them through an

underground pipe. Pond A-3 receives the North Walnut Creek stream flow and Plant

runoff from the northern portion of the Plant. Pond A-4 is designed for surface

water control and for additional storage capacity for overflow from pond A-3.

Five retention ponds are located along South Walnut Creek and are designated

as B-i, B-2, B-3, B-4, and B-5, from west to east. Ponds B-i and B-2 are reserved for

spill control, whereas pond B-3 receives treated effluent from the sanitary sewage

treatment plant. Ponds B-4 and B-5 receive surface runoff and occasionally, collect

discharge from pond B-3. Pond B-5 receives runoff from the central portion of the

Plant and is used for surface water control in addition to collection of overflow from

pond B-4

ED

The two C series ponds, C-i and C-2, are located along Woman Creek, south

and east of the Plant, respectively. Pond C-i receives stream flow from Woman

Creek. This flow is diverted around pond C-2 into the Woman Creek channel

downstream. Pond C-2 receives surface runoff from the South Interceptor Ditch

along the southern portion of the Plant. Water in pond C-2 is discharged to Woman

Creek in accordance with the Plant NPDES permit.

There are many runoff control ditches in the generally vicinity of the Plant.

The largest of these is the Central Avenue Ditch which runs eastward along Central

Avenue and discharges to South Walnut Creek (Pond B-5). The other major runoff

control ditch is the South Interceptor Ditch which prevents runoff from the south

side of the Plant from entering Woman Creek. The ditch discharges to pond C-2, and

Woman Creek is diverted around pond C-2 by a diversion structure just upstream of

the pond.
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Another retention pond is located on the unnamed northern tributary of

Walnut Creek, downstream of the Present Landfill (see Section 2.1). Following water

quality analyses, the water from the landfill pond is spray irrigated onto an area

south of the landfill but upstream of the pond.

The permit requires monitoring of specific parameters at seven discharge

points. The permitted discharges are:

Dischar ge	 Location	 -

001	 Pond B-3

002	 Pond A-3

003	 Reverse Osmosis Pilot Plant

004	 Reverse Osmosis Plant

005	 Pond A-4

006	 Pond B-5

007	 Pond C-2

The discharges from the ponds are regularly monitored to document

compliance with NPDES permit requirements. In addition to NPDES monitoring

requirements, all discharges are monitored for plutonium, americium, uranium, and

tritium concentrations.
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SECTION 4

SOIL CHARACTERIZATION

This section presents soil chemistry data from historical and recent

investigations at the Solar Evaporation Ponds. The purpose of this section is to

characterize the nature and extent of soil contamination that resulted from pond

leakage. The section begins with a summary of the characteristics of the solar pond

contents as this material is the source of any contamination.

4.1 SOLAR POND WASTE CHARACTERISTICS

To characterize waste composition in the Solar Evaporation Ponds numerous

analyses of pond liquids and sludge have been conducted. Summaries of the

laboratory results are presented in Tables 4-1 and 4-2, and detailed laboratory data

are presented in Appendices 3 and 4 of this Solar Evaporation Pond Closure Plan. As

shown in the tables, liquids from Ponds 207-A and 207-C contain high concentrations

of nitrate, metals, and radionuclides which are approximately two orders of

magnitude higher than those in Ponds 207-B North and Center. This is expected

because these ponds represent a mixture of ground water and Pond 207-A leakage

collected by the French drain system. Pond 207-A liquid is characterized by high

levels of the trace metals, aluminum, chromium, copper, iron, nickel, and tin, and

high levels of the major cations potassium and sodium. Pond 207-A is generally more

contaminated than Pond 207-C except for plutonium and americium which are

approximately ten times higher in Pond 207-C. Ponds 207-B North and Center contain

concentrations of metals near or below drinking water standards. Nitrate and gross
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Table 4-i

LIQUID CH8OCTIIIZOTIUN 5008007 1984 - 1988	 ( )	 Test Oeiult hfertace hOer

LIALYTI	 00I15	 POND 201-0	 POND 201-8 80818	 POD 281-I ChIll

p0	 II) 8.3- 11.0	 12) 7.5 - 9.6	 42) 1.3- 11.3
(9) 10.1	 (10)8.8 - 0.5	 (10)1.1 - 11.0

Nitrite as litroges	 )sg/I)	 II) ID - 21,739	 (2) 339 - 1,367	 (2) ID - 19.1

(9) 19,200	 (10)212 - 507	 (11)341.4 - 1221

Total DioIved SolIds	 (sg/I(	 (9) 127,000	 -----

Cyanide	 (si/I)	 (I) ND - 1.7

(9) 0.1

Gn,uo £lpba	 (pCi,'l)	 (I) 321161 - 96,000)0.0)	 (2) )3(90) - 323)33)
	

(2) 4(0) - 51(23)
(4) 16.000(1,000) - 80.000(6,000) (4) 74(58) - 120(50)

	
(I0)01(21) - 2,911(481)

(I) 80,000)I,000(	 )10)52)20( - 200)80)

Gross Beta	 (pCl/I)	 (I( 2(27) - 27.000)600)	 (2) $)25) - 163)25)
	

(2) 1(111 - 73(8)

44) 35,000(2,000) - 40,000(2,008) (4) 56432) - 100(92)
	

(Il)72(l1) - 1,911(211)

(9) 2,100)200)	 110670) - 200(88)

Pu. PIutoous 239	 (pCi/I)	 (I( 0.0)420) 240(100)	 (4) ND

(4) 56)16)	 160)50)

Os, Osericos 241	 (pCi/I)	 (I) 0.0(1,000) - 200(120)	 (4) ND

(4) ND	 45(14)

0,	 Uranium	 (pCi/I)	 (I) 0.69)0.79) - 26,000(2.000)

0,	 Uranium 233 • 234 	 (pCI!))	 (4) 14,000(I,000) - 20,000(1,000) (4) 50(2) - 53)2)

0,	 Orsolus 238	 (pCl/I)	 II) 21,000)l,000) - 20,000)I,000) (I) 31(1) - 33)1)

TntIoa	 (pCi/I)	 (I) 620)230)	 3,000)800)	 (4) 1,200(300) - 1,30013011

(II 240)110) - 830(260)

LI, Aluminum	 (si/I)	 (9) 2.31 - 2.64	 (3) 0.16
	

(3) 1.15

(3) I
	

43) 2.
(S) ND
	

(7) .1132

Ii) '.0028
	

48) c.113S

(8) i.003

Sb. Lotisoop	 hg/I)	 (7) .028
	

47) •.132

(8)(.03
	

II) tl3S

Os, Lrses)c	 411/0	 (5) 0.150	 (5) ID
	

(7) elI

4?) •.9I
	

IS)	 .lI

(I) •.II

I
0 )

9
9
)

3
510 t 4

0
o.

tTi

0'•
o

ot,

.

two 207-I son
	

MD 281-C

II) 11 - 12.5

(01 11.0 - 11.3

(II 5.4 - I1.041

41) 1608 - 21.401

41) 13,031 - 115,011

II) ID - 1.0
(1) 0.40 - 5.5

(I) Il,S0I()1,000( - I5,10I(3,11S)
(1) 13,11I(I,800) - 4$,01l)N,111)

41) 415(19) - Il,ISI)2,ISI(

(1) 3,410(III) - 44,8II(l,10I)

(I) 210(321) - 1.04)311)
(1) 345)131) - 2,100(300)

(I) Il - 13,I00(I,11I)
(1) 1.1127) - 2,915(301)

(I) I,000(3I0) - IS,400(I,Ill(
(9) I,400(100( - 41.ISN(2,11l)

(I) 1.1)0.1) - 1,411)6I5)
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LIQUID CBO8OCTIIIZATIU6 SUO8INT 1984	 HIS

LIAL008	 UNITS	 FOOD 2070

Ba, Darius	 Ill/I)	 (S) SD

Be, Bcryllas	 ag/I)	 III ID	 0.1
IS) 0.027 - 0.043
49) .002

	

Di, Bismuth III/1) 	-

B, Brun	 (ag/I)	 .

CO. Cadmium
	

lit/I)	 5) 0.010	 0.150

Ca, Calico.
	

W/1)	 (S) ID

Cc, Curios	 ag/I)

Ca, Ceaiva	 ag/I)

	

(ug/I)	 5) 0.200	 0.500

	

lag/li	 (S) 131	 16.7

	

lag/I)	 (SI 1.61 - 1.10

Table 4-1 (cont'd.)
- Teat Result lefereice h.br

POND 207-8 10871	 POND 201-1 Chili

)5) ND . 0.210	 (7) '1.1

(7) dO	 (I) cI.S

)0) '10

(5) ND	 (7) (.85
(7) dOS	 (I) 4.59

)8) .05

1)	 014	 Ii) '.116

)8)	 .OIS	 (0) 4.111

(3) 0.29	 (31 8.24

(3) 031	 (3) 0.57

(1) A ll	 (7) 5.13

IS) .09	 (0) .071

5) ID	 (7) (II

(7) (.01	 (0) .11

(0) .0)

(3) 200	 (3) 2.9

(3) 290	 (3) 45.5

(5) 17$ - ION	 (7) 95.5

(7) 96.0	 (0) U.S
(I) 100.0

(7) (2.8	 (7) 43.2

(9) 43.	 (0) 43.5

(3) ID	 (3) ID

)3) ID	 (3) 0.841

(1) '.20	 (7)	 .32

(9) (.3	 (0) .35

(5) ND	 (7) (.511

(7) (.014	 (5) (Iii
(8) '.019

5) NO	 (7) 405

(7) (.05	 (6) (.55

(8) (.05

(3) ND	 (3) ISIS

(3) ND	 (3) 1.137

)S) ND	 (7) clii

(1) (.114	 (8) clii

(N)	 .01S

S
	

•\)

Co. Cobalt

Cr, Cbrsuis

Co.ca  Copper

POND 707-8 SOOTh
	

POND 287-C

II) ND - 8.6

(II 0.)
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Table 4-1 (cont'd.)

LIQUID CUAIICTROIUTIOI 5000007 1904	 1908	 ). - Teat Result lefereice haber

0101.111	 UNITS	 POND 2070	 POND 207-8 1011I 	 toil Oil-I C11711

Ge, Gersailu.	 (IS/1)	 -----	 (7) (.014	 iOu

(0) (.OIS	 (I) till

It. Ireu	 (ag/I)	 (5) ISO - 0.00	 (3) 020	 (3) 0.014

(3) 0.29	 (3) 0.2

(5) ID	 (7) 1.93

(7) .057	 (I) (.035

(8) 4.03

Pb, Lead	 (ag/i)	 (5) ID	 3) ND	 (3) ND

(3) 0.0035	 (3) 1.012

(5) ID	 (7) .I132

(1)	 .0021	 (I)	 .1130

(8) (.003

Lt. Lithium	 (ag/i)	 (3) 0.37	 (3) 0.052

(3) 3.5	 (3) 1.41

(1) 1.7	 (1) 2.1

(8) 1.	 (N) 3.5

Is. hagamese	 (ag/I)	 (5) 0.095 . 0.115	 (3) NO	 (3) 1.122

(3) NO	 (3) III)

(5) ND . 0.015	 (1)	 .1132

POND 101C

(7)(.0021	 II)	 .003$

(6) i.003

It, Nagueslus	 )sg/)(	 ($) ND	 (3) 07.0	 (3) 3.1

(3) 120.0	 (3) 13.0

(5) 66.4	 72.6	 (7) 01.0

(1) 80	 (0) 11.0

(0) 00.0

11. lercury	 lag/i)	 (S) ID - 0.0002 	 (5) ID	 (7) (.012

(7) (.002	 (I)	 .002

(8) (.002

No, lolybdeaum	 (ag/I)	 3) ND	 (3) 0.015

(3) 0.0069	 (3) 0.037

(7) (.0020	 (7) .019

(8) .003	 (I) .0035

II, Nickel	 (ag/I)	 (5) 1.90	 2.00	 (3) ID	 (3) 0.110

(3) ND	 (3) 1.111

(5) ND - 0.050	 (1) .632

(7) .020	 (0) (135

(I) i.03

lb. Nloblea	 (ag/I)	 -----	 (7) (.14	 (7)	 II

(0) elS	 (I) <.11

I-

I-

CID
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LIQUID CMAPAC180IZATI11I SI8NAVY 1984 	 198$

ANILITI	 01115	 POND 207-A

P. lhospliorous	 (si/I)

I. PtuiIes	 (se/I)	 (5) 13,200 - 14,300

Ob. 0ibidiui

Sc, Sniltiles	 (Bill)	 (S) NO

a-

Si. Silicos	 (si/I)

W

OD

Ag, Silver	 (si/I)

Is, Sodium	 ('gil)	 (5) 36,300 - 42,900

Sr. Stoutiui	 (si/I)	 -

0
tn

Ta, Taslalus	 (sg/l)	 -

Ye, Tellurium	 (mill)	 -

..

Table 4-1 (cont'd.)

V - Teat Pesalt Peferesce Number

POND 201-1 NOPTI	 POND 207-I CUTII

(3) ND	 17) 1.014

(3) PD 	 (3) 1.2
(7) .I4	 (1) <II

(8) '.15	 (8) 1.1$

(3) 82.0	 (3) 30.0

(3) 120	 (3) 31.1
IS) 56.1 - 62.1	 (1) 11.1

(1) 09.0	 (II 111.1

(8) 61,0

Ill 4.28	 (7) 4.33
(8) (.3	 (0)	 .35

(3) 0.01	 (3) PD
(3) 0.02	 (3) ID
(5) 0.009	 (7) (Al

(7) 4,01	 II)	 Oil

(0) .024

(3) 2.1	 (3) 2.4

(3) 5.6	 (3) 5.5
(7) 2.1	 (1) 1.1

(0) '0	 (I) 1.4

(3) ND	 (3) 1.0011

(3) 0.082	 (3) 1.11$
(S) ID	 (1) <.0132
(I) (.0028	 (0) 4.1035
(8) (003

(3) 310 0	 (3) 61.1

(3) 620.0	 (3) 251.1
(5) 363 - (SI	 (1) 111.1

(1) 820.	 (8) 651.1

(8) 710.0

(3) I 2	 (3) 0.20

(3) 3.5	 (3) 0.02
(7) 0 II	 (1)	 II

(8) .21	 (I)	 II

(7) (.021	 (7) 1.131
(4) 4.03	 (0) <.130

(7) <.24	 (7) <.32
(I) (.3	 (0) (.35

MI All-I SOITI
	

POND 211-C
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LIQUID CH111CIIIIIIHIM S0040T 1984 - 1988

IDLOTI	 UNITS	 POND 201 £

TI, Thoillus	 (.4/I)

TI, Thorium	 (mg/I)

Si, Tin	 mg/I)	 (5) 1.00 - 1)00

Ti. Titanium	 (mg/I)

N, Tungsten	 (mg/I)

U, Uruolus	 mg/I)

V. Vanadium	 (mg/I)	 (5) 0.10	 020

Om, hoc	 (ag/I)	 (5) 0.62 - 018

Or. Zirconium 	 (mg/I)	 -

Trilius	 (mg/I)

Phesol.	 (mg/i)	 (5) 0.013 -

S
Table 4-1 (cont'd.)

- Teat Result lefereuce lumber

POND 207-I IODTN	 POD 201-I CDIII

(7) (.014	 )7) 4.11$

(8) .0I5	 (0) 4.111

(1) '.020	 (7)	 .032
(8)	 .03	 (N) <.035

(5) ND	 (7) '.032

(7)	 .028	 (0)	 .135

(0)	 .03

(7) 4.014	 (7) (.116

(N) 4.015	 (0) <.010

(7) '1.4	 (1) ((.6

(NI '1.5	 (0) ((.0

(7) 41.4	 (7)	 I.6

(0) 41.0

(3) ID	 (3) ID
(3) ID	 (3) 1.1111

(5) ND	 (7)	 .032

(7) (.02$	 (0) 4.035

(0) <.03

(3) ND	 (3) 1.041

(3) ND	 (3) ID

(5) ID - 0.022	 (7) 4.11

(1) '.14	 (I) (II

(I) (IS

(3) ND	 (3) 0.1041

(3) ID	 (3) ID

(1) (028	 (7) 4.832

(8) '.03	 (8) (.035

(3) ND	 (3) 0.022

(3) 0.069	 (3) 0.041

(5) 0.003 - 0.046

S

POND 217-I 50018
	

POND 207 C

tTi
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S
0

10 t

i.4C

0

510066 CBOVOCTIBIZ&TIO0 5085807 1984 - 1980

£881078	 01175	 POND 201-8

PR	 (6) 9.5

Nitrate as Nitrogen 	 (ag/I)	 (6) 3.800

Gross &lpba	 )pCi/g)	 (4) 4,700)200)	 14,000(1000)

(pCl/lb	 (6) 860.000

Gross Beta	 (pCl/g(	 (4) 160)20) - 1,400)100)

I'u, Plutonium 239	 )pCiIg)	 (4) 1.000(100) - 3,100)100)

Li, £aericaa 241	 )pCl/g)	 (4) 1,400(200) - 4,400)100)

U. Uranium 233 + 234	 )pCi/g)	 (4) 70)10) - 570(30)

3, Uranium 235	 (pC)/l)*	 (6) 28)19)

0, Cranium 235	 (pCl/gb	 (4) 030(10) - 180(30)

(pCl/I)'	 (6) $20)90)

Tritium	 )pCi/g(	 (4) 1,300)500) - (2,000((,000)

01, Lluainua	 at/kg)	 (5) 11,000 - 11.900

La, £reealc	 (as/kg)	 (5) ID

Ba, Barium	 ('(/81)	 (5) ID

Be. Beryllium	 (as/kg)	 (5) 309 - 1,570

(6) 110

Cd, Cadmium	 (as/kg)	 (5) 1,110 - 10,500

Ca, Calicos	 (as/kg)	 (5) 19,600 - 50,000

Co. Cobalt	 lag/kg)	 (5) ND

Cr, Ckroaaia (Total)	 (ag/kg)	 (5) 1,010 - 19,700

Cr, Ckro.Iua (lea.)	 (ag/kg)	 (6) +10

Cu, Copper	 (ag/kg)	 (5) 125 - 1.590

Pu, from	 (ad/kg)	 (5) 3,590 - 6,900

Pb, lead	 (ag/kg)	 (5) 65 - 455

On, Sanganene	 (ag/kg)	 (5) 153 - 595

it, Hagaea)oa	 (ag/kg)	 (5) 6,100 - 21000

1g. Mercury	 lag/kg)	 (5) 7.5 - 25

Ii, Nickel	 ag/kg)	 (5) 124 - 1,320

I, Potassium	 (as/kg)	 (5) $0,000 - 65,300

Sc, SellaIna	 (ag/kg)	 (5) ID

8g. Silver	 (ag/kg)	 (5) 153 - 237

Ia. Sodium	 (ag/kg)	 (5) 130,000 - 166,000

S., Ti.	 (mg/kg)	 (5) ID

0, Vaaadlua	 (at/kg)	 (5) ID

0, Hat	 (@g/kg)	 (5) 227 - 595

Pkeno)s	 (@g/kg)	 (5) ID - 3.3

Table 4-2
- Teat Beanli Reference lumber

POND 201-8 10871	 POND 207-I ClOTh
	

POND 207-150911
	

POND 207-C



.

	

EXPLANATION FOR TABLES 4-1 AND 4-2

ND = Not Detected

( )	 = Units Shown on Data Provided for Sludge in Pond 207-A

( )	 = Test Result Reference Ranging from 1 to 10, Described below:

1	 Summary of Quarterly Sampling 1984 and 1985, Appendix 3, Table 3-1

1^1

2

3

4

5

6
	

Summary of Parameters monitored in Pond 207-A Sludge in May 1985,
Appendix 4, Table 4-I11

7	 207-B Solar Pond North and Center Quarterly Metals Analysis, August
14, 1987, Lab No. E87-3918, Appendix 4

8	 207-B Solar Pond North and Center Quarterly Metals Analysis,
November 30, 1987, Lab No. E87-4254, Appendix 4

9	 207-A and 207-C Solar Pond Quarterly Analysis Results (Liquids),
March 1987 to March 1988, Appendix 4

10	 207-B Solar Pond Weekly Analysis Results (Liquids), October 1987 to
June 1988.

Summary of Weekly Sampling for Ponds 207-B North and Center
Liquids, Appendix 3, Table 3-I1

Summary of Two Sets of Metals Analyses of Ponds 207-B North and
Center Liquids, October 1984 and April 1985, Appendix 3, Table 3-I11.

Summary of Radiochemical Analyses, April and May 1986, Appendix 4,
Table 4-I

Summary of Metals and Phenols Testing April and May 1986, Appendix
4, Table 4-1I

SOLAR POND CLOSURE CHARACTERIZATION REPORT
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1^1

alpha occur in the ponds at levels above drinking water standards. Plutonium and

americium were not detected in Pond 207-B North.

4.2 SOIL CHEMISTRY

4.2.1 Back ground Soil Chemistry

Background metal and radionuclide concentrations in soils have been

developed based on 1986 sampling and analysis in the west buffer zone (an area

unaffected by waste disposal activities). The top one foot of soil (Rocky Flats

Alluvium) west of the West Spray Field was sampled. Table 4-3 presents a summary

of the background soils data. Sampling and analysis of soils from a single plot in the

west buffer zone is not considered a complete characterization of background alluvial

and bedrock materials; however, it serves as a basis for assessing potential

contamination. At the present time the soils data presented in Table 4-3 are the only

background soils data available. A plan is currently being developed to characterize

background soils, surface water, and ground water at the Rocky Flats Plant.

4.2.2 Site Soil Chemistry

Soil samples. were collected during the 1986 and 1987 field investigations

conducted in the solar ponds area. The 1986 field investigation included split spoon

sampling of alluvium, bedrock and the bedrock/alluvium contact in five boreholes.

These five boreholes were later completed as wells 18-86, 20-86, 22-86, 25-86 and 27-

86. The procedures followed during the 1986 sampling program are described in the

Draft Work Plan, Geological and Hydrological Site Characterization (Rockwell

International, 1986b). The 1987 field program included collection of soil samples

SOLAR POND CLOSURE CHARACTERIZATION REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO	 1 JULY 1988	 PAGE 4-9S



TABLE 4-3

METAL AND RADIONUCLIDE CONCENTRATIONS IN BACKGROUND SOIL

.

Metals	 Concentration (mg/kg)

.

Aluminum
Antimony
Arsenic
Barium
Beryllium
Calcium
Cadmium
Chromium (Total)
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Tin
Vanadium
Zinc

6,540 - 9,140
41U
6.1U - 10
135U
3. 4U
2, 500U
3. 4U
5.6 - 13
12U - 25
12U
9,080 - 12,400
15 - 48
2, 500U
196 -337
0.1U
2OtJ
2, 500U
3.4U
5U
2, 500U
6.8U
4lU
30U - 38
20 -49

Radionuclides	 Concentration ( pCi/g)

Plutonium
Americium
Uranium 233+234
Uranium 238
Tritium

0.01(0.10) - 0.10(0.20)
-0.02(0.03) - 0.28(0.16)
0.66(0.16) - 1.4(0.20)
0.62(0.16) - 1.2(0.2)
-70(220 - 280(270)

NOTES: (1) Background values based on nine composite samples
collected from the top one foot of Rocky Flats
Alluvium in the West Buffer Zone.

(2) "U" Indicates values less than detection limits.
(3) Values in parentheses indicate counting uncertainty.
(4) Tritium is in units of pCi/l of soil water.

S SOLAR POND CLOSURE CHARACTERIZATION REPORT
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16 boreholes, SPO1-87 through SPI6-87, two of which were completed as monitoring

wells. Borehole SP08-87 was completed as well 39-87, and SPI6-87 as well 56-87. The

procedures followed during the 1987 field investigation are described in the

Comprehensive Environmental Assessment and Response Program (CEARP), Phase 2,

Rocky Flats Plant, Installation Generic Monitoring Plan (DOE, 1987).

.

Soils were analyzed for a comprehensive suite of metals, organics,

radionuclides, and other inorganics (Table 4-4). As discussed herein, examination of

the soil analyses from the solar pond area indicates that the metals calcium,

beryllium, cadmium, antimony, thallium, and possibly chromium and nickel are soil

contaminants of the solar pond area. Although sodium and potassium concentrations

are high in the liquids and sludge analyses from the ponds, elevated sodium and

potassium concentrations were not detected in the analyzed soil samples. Except for

probable laboratory contamination of the samples, volatile organic compounds (VOC)

were not detected in the 1987 borehole samples from the solar pond area; however,

low levels of 1, 1-dichloroethane (1, l-DCA), chloroform (CHC1 3 ), 1,1,1 -trichloroethane

(1,1,1-TCA), trichloroethene (TCE), and total xylenes were detected in 1986 core

samples. Several soil samples also contained plutonium and to a lesser extent

americium and uranium at levels above estimated background levels. Nitrates are

elevated in several of the analyzed soil samples. These general conclusions, including

a discussion of laboratory contamination, are specifically addressed in this section.

S SOLAR POND CLOSURE CHARACTERIZATION REPORT
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TABLE 4-4

.

SOIL SAMPLING PARAMETERS

Metals

Hazardous Substance List-Metals
Beryllium
Lithium
Strontium

organics

Hazardous Substance List - Volatiles
Hazardous Substance List - Semi-Volatjles*
Oil and Grease*

Radionuclides

Gross Alpha
Gross Beta
Uranium 233, 234, and 238
Americium 241
Plutonium 239, 240
Strontium 90
Tritium*

Other

Pesticides*
PCB's*
Cyanide
Sulfide**
Nitrates, Nitrite, Nitrogen
Percent Solids
pH

	

NOTE: (1)	 Analytical methods are presented in the IGMP Work
Plan for Rocky Flats Plant (DOE), 1986a.

(2) *11 Analyses not requested for 1987 borehole soil
samples.

(3) t**II Analyses not requested for 1986 core samples.

.
SOLAR POND CLOSURE CHARACTERIZATION REPORT
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Metals

Generally, metal concentrations in soil samples from the solar pond area were

within two times estimated background levels as shown in Table 4-5. It is likely that

natural variations in soil chemistry could explain variability in soil metal

concentrations of a factor of two or even three. However, it becomes more likely that

metal concentrations exceeding three times estimated background could be indicative

of contamination. Concentrations of metals exceeding the upper limit of the

background range by a factor of three are shown in Table 4-6.

Calcium exceeded three times the maximum background concentrations in a

majority of the analyzed soil samples. Sludges in Pond 207-A contained calcium

ranging from 20,000 to 50,000 milligrams per kilogram (mg/kg). Although a one time

analysis of Pond 207-A liquids indicates calcium was not detected, this datum is

considered erroneous considering the high calcium content of the sludges and the

elevated calcium concentrations in Pond 207-B North which contains seepage/ground

water from beneath Pond 207-A. Leaching of calcium from these sludges along with

leakage of high calcium liquids from the solar ponds probably resulted in deposition

of calcium in the soils beneath and hydraulically downgradient of the solar ponds.

High calcium is pervasive throughout these soils.

As shown in Table 4-6, beryllium, cadmium, antimony, and thallium are at

notably high concentrations and pervasive in the soils at borehole SPI6-87 located

south of Pond 207-C. This borehole is in an area where the original solar pond was

located. This is the only borehole where several metals occur throughout the depth at

concentrations ranging from 10 to 1000 times background. Therefore, it is likely that

contaminated soils/waste from the original solar pond is the material encountered in

this borehole.
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TABLE 4-5a

METAL CONCENTRATIONS IN SOILS ABOVE ESTIMATED BACKGROUND LEVELS (9/kg)

Welt No.
and/or	 SampLe No.	 Interval	 AL	 As	 Ba	 Ca	 Co	 Cr	 Cu	 Fe	 Hg	 K
Borehole No.	 (ft)	 (9140) (10) (135u)	 (2500u)	 (25)	 (13)	 (13u)	 (12,400)	 (0.1U)	 (2500)

SPO1-87	 SP018700FS	 0.0-1.2	 13,442	 - -	 10,348*	 -	 21	 -	 15,797	 -

SP018704DH	 4.0-5.0	 14,499	 8,663*	 -	 16	 -	 14,220	 -

SP018705DH	 5.0-6.3	 30,899*	 -	 14.409*	 -	 28	 -	 23,226	 -	 -

SP018711DH	 10.5-12.2	 9,166	 -	 -	 18	 -	 16.421	 -

SP018713DH	 12.7-14.9

SPO18716BR (UT) 15.2-167
SP0187210H	 20.2-22.3	 -	 .	 3,080	 -	 -	 -	 14,745	 -

SP018723DH	 22.7-24.1	 -	 -	 .	 3,332	 -	 31	 30	 13,806	 -

SP02-87	 SP02870008	 0.0-10.1	 -	 -	 18,390	 -	 •	 -	 15.043	 -	 -
SP028708UC	 7.1-10.1	 -	 -	 -	 126,076*

SP028711CT	 10.1-12.6	 -	 -	 -	 50.605*

SP028713BR	 12.6-15.1	 -	 -	 -	 26,297*

SP03-87	 SP038702DH	 2.0-3.5	 NA	 -	 NA	 NA	 -	 NA	 NA	 NA	 -	 NA
SP038703FS	 4.0-4.6	 NA	 NA	 NA	 NA	 -	 NA	 NA	 NA	 -	 NA
SP038711DH	 10.3-11.6	 9,691
SP038713CT	 12.8-14.4	 -	 -	 -	 2,523	 -	 -	 -	 -
SP038716BR	 15.2-16.9	 10,704	 11	 -	 -	 -

SPO4-87	 SPO487020H	 2.0-3.7	 -	 -	 -	 -	 -	 -	 -
SPO48704DH	 4.0-5.8	 18,764	 -	 174	 119 , 858*	 -	 17	 -	 12,419	 -	 3,500
SPO487004D	 4.0-5.8	 20,345	 -	 200	 81,473*	 -	 22	 -	 13,052	 -	 5.200

SPO48707DH	 7.0-8.7	 9,576	 NA	 170	 161,428*

SPO4871ODH	 9.5-10.1	 NA	 NA	 NA	 -	 -	 NA	 NA	 NA	 -	 NA

SPO48712DH (UT) 12.6-14.5 	 -	 15	 -	 11,991*	 -	 -	 21	 23,702	 -	 -

SPO48715FS	 14.5-17.0	 -	 -	 -	 -
SPO48717DH	 17.0-19.5	 10,908	 18	 -	 31578	 -	 -	 17	 -	 -	 -

SPO487200H	 19.5-22.0	 -	 -	 -	 3,097

SPO487220H	 22.0-24.0	 -	 -	 -	 -	 -
SPO48725DH	 24.5-27.0	 -	 -	 -	 3,640	 -	 19	 -	 -	 -

SPO48727DH	 27.0-29.5	 -	 .	 119k	 38,269*

SPO487300H	 29.5-32.0	 -	 -	 -	 2,583
SPO48732DH	 32.0-34.0	 -	 27	 -	 -	 -	 -	 -	 -	 -	 -
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TABLE 4-5b

METAL CONCENTRATIONS IN SOILS ABOVE ESTIMATED BACEGROIJIID LEVELS (.g/kg)

Well No.
and/or	 Sample No.	 Interval	 Mg	 Mn	 Ni	 V	 Zn	 Be	 Cd	 Sb	 TL
BorehoLe No.	 (ft)	 (2500)	 (337) (20u)	 (38)	 (49) (3.4U)	 (3.4U)	 (41U)	 (6.8U)

SPO1-87	 SPO18700FS	 0.0-1.2	 2.731	 -	 -	 42	 61	 374	 -
SP018704DH	 4.0-5.0	 2,801	 .	 .	 53	 54	 -
SP018705DH	 5.0-6.3	 2,799	 .	 30	 72
SP018711DH	 10.5-12.2
SPO18713DH	 12.7-16.9	 408	 35
SP0187168R (UT) 15.2-16.7	 -	 -	 -	 40
SP018721DH	 20.2-22.3	 -	 .	 -	 42	 55	 -	 -
SP0187230H	 22.7-24.1	 -	 39	 -	 51

SP02-87	 SP02870008	 0.0-10.1	 -
SP028708UC	 7.1-10.1	 3,514	 -	 -	 .	 5.07
SP0287I1CT	 10.1-12.6	 -	 -	 -	 -	 .	 3.51	 -
SP028713BR	 12.6-15.1	 -	 -	 -

SP03-87	 SP0387020H	 2.0-3.5	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP038703FS	 4.0-4.6	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP0387110H	 10.3-11.6
SP038713CT	 12.8-14.4
SP0387168R	 15.2-16.9

SPO4-87	 SPO48702DH	 2.0-3.7	 -	 -	 .	 -	 -	 51.10*	 -	 -
SPO48704DH	 4.0-5.8	 3,916	 -	 38	 -	 -	 -	 70.85*	 -
SPO487004D	 4.0-5.8	 3,681	 -	 59	 -	 -	 -	 119.14*
SPO48707DH	 7.0-8.7	 3,951	 NA	 -	 -	 -	 -	 7.41
SPO487100H	 9.5-10.1	 NA	 -	 NA	 -	 NA	 NA	 NA	 NA
SPO487120H (UT) 12.6-14.5	 -	 -	 -	 50	 80	 -
SPO48715FS	 14.5-17.0	 -	 -	 54	 3.75	 -
SPO48717DH	 17.0-19.5	 2,598	 -	 -	 -	 -
SPO48720DH	 19.5-22.0	 -	 -	 -	 -
SPO487220H	 22.0-24.0	 -	 -	 -	 -	 -	 -
SPO48725D11	 24.5-27.0	 -	 -	 -	 -	 -	 -	 -
SPO48727DH	 27.0-29.5	 -	 -
SPO48730DH	 29.5-32.0	 -	 -	 30	 -	 50	 -	 -	 -
SPO48732DH	 32.0-34.0	 -	 -

0
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TABLE 4-5a(Continued)

METAL CONCENTRATIONS IN SOILS ABOVE ESTIMATED RACECIOINID LEVELS (.g/kg)

WeLL No.

and/or	 Sample No.	 IntervaL	 AL	 As	 Ba	 Ca	 Co	 Cr	 Cu	 Fe	 Hg	 K
BorehoLe No.	 (ft)	 (9140) (10) (135u)	 (2500u)	 (25)	 (13)	 (13u)	 (12,400)	 (0.1U)	 (2500)

00
C)

CflC)

0C)

tTj
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0
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0
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cc

SP05-87	 SP058700DH	 0.0-0.4
SP0587020H	 2.0-3.3
5P0587040H	 4.0-5.6
SP058707DH	 7.08.3
SP05871ODH	 9.5-10.1
SP058712DH (WT) 12.8-14.4
SP058716DH	 15.3-17.3

SP06-87	 SP068702FS	 2.0-3.7
SP0687080H	 8.0-10.4
SP0687110H	 10.5-12.4
SP068713DH	 13.0-14.3
SP068716DH	 15.5-17.7
SP068718DH	 18.0-20.5
SP068721DH	 20.5-23.0
SP068724DH	 23.2-25.7
5P068726DH	 25.7-28.2

SP07-87	 SP078700DH	 0.0-1.8
SP078702DH	 2.0-3.8
SP078708FS	 8.0-10.3
SP078711DH	 10.5-12.2
SP078713DH	 13.0-14.8
SP078716DH	 15.5-16.7
5P078718WT (UT) 18.0-19.3
SP078721CT	 20.5-23.0
SP0787238R	 23.0-26.0
SP078726DH	 26.0-28.5

39-87/	 SP088703UC	 3.5-6.5
SP08-87	 SP088706CT	 6.5-8.5

SP0887098R	 9.0-11.5

SP09-87	 SP098703uC	 3.0-5.1
SP098706CT	 6.0-8.5
SP098708BR	 8.5-11.0

NA	 NA	 NA	 NA
10,142	 30	 166
11,242	 15	 -
16,123	 -	 90,980k
9,276	 -	 202	 48,641
10,905	 -	 -	 20,810
-	 -	 7,403

17,725	 35*	 152	 109,942*

12,522	 16	 2,619
•	 -	 153	 143,650*

•	 11	 8,907*
-	 -	 -	 12,081*

11,479	 -	 -	 48,271*

13,630	 17	 -	 8,135*

11,921	 29	 -	 2,725

14,799	 19	 -	 3,318

24,579	 -	 -	 48,884*

16,435	 -	 10,644k
30,265*	 12	 163	 44,679*

9,232	 -	 -
22,724	 -	 148	 3,155
-	 -	 -	 56,105*
-	 -	 5,205
12,140	 29	 -
10,902	 64*	 -	 4,183
14,759	 55*	 -	 4,894

-	 -	 -	 6,322

10,308	 -	 -	 39,908*
-	 -	 -	 2,836
10,202	 -	 -	 4,141
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TABLE 4-5b (Continued)

NETAL CONCENTRATIONS IN SOILS ABOVE ESTINATED BACGIOUUD LEVELS (.g/kg)

Wet P. No.
and/or	 SampLe No.	 IntervaL	 Mg	 Mn	 Ni	 V	 Zn	 Be	 Cd	 Sb	 TI
BorehoLe No.	 (ft)	 (2500)	 (337) (20u)** (38)	 (49) (3.4U)	 (3.4U)	 (41U)	 (6.8U)

SP05-87	 SP058700D14	 0.0-0.4	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP058702DH	 2.0-3.3	 .	 -	 -	 47	 -	 16.45*	 -	 -
SP058704DH	 4.0-5.6	 -	 -	 .	 44	 .	 -	 10.67*
SP058707DH	 7.0-8.3	 31110	 509	 -	 -	 83.68*	 -	 -
SP05871ODH	 9.5-10.1	 -	 802	 474*	 -	 21.97*	 -

SP058712DH (WT) 12.8-14.4	 -	 .	 -	 -	 -	 -	 19.96*	 -	 -
SP058716DH	 15.3-17.3	 -	 -	 -	 -	 7.30	 -

SP06-87	 SP068702FS	 2.0-3.7	 3,828	 -	 .	 44	 -	 5.22	 5.07	 -	 -
SP068708DH	 8.0-10.4	 -	 -	 -
SP0687110H	 10.5-12.4	 30628	 -	 -	 -	 '-'a	 -	 -
SP0687130H	 13.0-14.3
SP068716DH	 15.5-17.7	 -	 -	 -	 -	 61	 -	 -	 -
SP068718DH	 18.0-20.5	 5,217	 -	 -	 43	 73	 -	 3.62	 -	 -
SP068721DH	 20.5-23.0	 4.063	 -	 43	 -	 -
SP0687240H	 23.2-25.7	 3,524	 -	 28	 -	 114	 -	 -
SP0687260H	 25.7-28.2	 4,386	 -	 74	 -	 -	 -

SP07-87	 5P078700DN	 0.0-1.8	 3,397	 -	 29	 50	 51	 -	 8.01	 -
SP0787020H	 2.0-3.8	 -	 -	 -	 47	 -	 -	 -
SP078708FS	 8.0-10.3	 3,587	 -	 58	 41	 52	 -	 -
SP0787110H	 10.5-12.2	 -	 -	 -
SP0787130H	 13.0-14.8	 -	 49	 49	 68	 -	 -	 -
SP078716DH	 15.5-16.7	 2,518	 -	 514*	 -	 .	 -	 388
SP078718WT (WI) 18.0-19.3 	 -	 -	 313*
SP078721CT	 20.5-23.0	 3,030	 -	 94*	 64	 -	 -	 -
SP0787236R	 23.0-26.0	 3,105	 -	 -	 -	 60	 -	 -
SP078726DH	 26.0-28.5	 2,960	 -	 -	 -	 -

39-87/	 SP088703UC	 3.5-6.5	 -	 -	 -	 -	 -	 -	 -	 -
SP08-87	 SP088706CT	 6.5-8.5	 -	 -	 -	 -	 -	 -

SP0887098R	 9.0-11.5	 -	 -	 -	 -	 -	 -

SP09-87	 SP098703UC	 3.0-5.1	 2,951	 -	 -	 -	 50	 -	 -	 -
SP098706CT	 6.0-8.5	 -	 -	 -	 4.48	 -	 -
SP098708BR	 8.5-11.0	 2,542	 -	 -	 -
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TABLE 4-5a (Continued)

METAL CONCENTRATIONS IN SOILS ABOVE ESTIMATED BACKGROUND LEVELS (9/kg)

Wei( No.
and/or	 Sample No.	 Interval	 AL	 As	 Ba	 Ca	 Co	 Cr	 Cu	 Fe	 Hg	 K
Borehole No.	 (ft)	 (9140) (10) (135u)	 (2500u)	 (25)	 (13)	 (13u)	 (12,400)	 (0.10	 (2500)

SP10-87	 SP108700DH	 0.0-1.8	 10,997	 NA	 17,391*	 .	 -	 .	 -	 -	 3,600
SP108702DH	 2.0-3.9	 9,562	 NA	 166	 39,224*	 .	 -	 18	 17,124	 -	 -
SP1087048R	 4.0-5.0	 -	 20,445k	 -	 22	 35,795	 -
SP108705DH	 5.0-7.0	 .	 -	 13,618*	 -	 -	 22	 27,515	 -	 -
SP1087070H	 7.0-9.0	 -
SP108709DH	 9.0-11.0	 10,614	 NA	 NA	 NA	 -	 -	 NA
SP108711DH	 11.0-13.0	 -	 -	 -	 4,153	 .	 -	 15	 -	 -	 -
SP108713DH	 13.0-14.9	 -	 -	 3,546
SP108715DH	 15.0-16.9	 -	 -	 -	 -	 -	 -	 -	 -	 -
SP1087170H	 17.0-19.0	 -	 -	 •	 3,452	 -	 -	 -	 -	 -	 -
SP1087017D	 17.0-19.0	 9,461	 -	 -	 4 379	 -	 -	 -	 -
SP108719DH	 19.0-21.0	 15,699	 -	 6,820	 -	 15	 17	 -	 -
SP108721WT (WI) 21.0-23.0	 12,056	 -	 -	 7,658	 -	 -	 23	 -
SP108723DH	 22.7-23.7	 11,807	 -	 -	 4,611	 -	 NA	 -	 -
SP108724DH	 23.7-25.7	 10,210	 -	 -	 4,461	 NA	 -	 -

SP11-87	 SP11870008	 0.0-8.8	 -	 -	 -	 6,246	 -	 -	 -	 -
SP1187080H	 8.8-11.3	 -	 -	 -	 5,132	 -	 -	 -	 -	 -	 -
SP118711DH	 11.5-14.0	 -	 -	 -	 3,062	 -	 -	 -	 -	 -	 -
SP118714DH	 14.0-15.1	 -	 -	 5,716	 -	 -	 -	 -	 -	 -
SP1187160H	 16.5-17.8	 -	 -	 2,873	 -	 -	 -	 17,914	 -	 -
SP1187190H	 19.0-21.5	 -	 -	 7,883*	 -	 .	 -	 -	 -	 -

SP118721DH	 21.5-26.0	 -	 -	 -	 -	 -

SP118724DH	 24.0-26.5	 -	 -	 -	 -	 -	 -	 -	 -	 -
SP1187260H	 26.5-29.0	 -	 -	 4,192	 -	 -	 17	 -	 -	 -
SP118729DH	 29.0-31.5	 9,892	 -	 -	 6,571	 612*	 32	 18,835	 -	 -

SP12-87	 SP12870009	 0.0-9.0	 -	 -	 -	 -	 -	 -
SP12870916	 9.0-16.5	 -	 -	 3,025	 -	 -	 -	 -	 -
SP128716DH	 16.5-19.0	 17,771	 -	 143	 17,225*	 -	 40*	 19	 12,600	 -
SP128719DH	 19.0-21.5	 16,308	 -	 171	 7,228	 -	 36	 20	 17,912	 -
SP1287210H	 21.5-24.0	 -	 -	 -	 1,974	 -	 -	 -	 -	 -	 3,000
SP128724DH	 24.0-25.2	 -	 -	 -	 -	 -	 -	 -	 -	 -
SP128726DH	 26.5-29.0	 -	 -	 -	 4,336	 -	 -	 15	 -	 -	 -
SP128729DH	 29.0-31.5	 -	 -	 2,514	 -	 -	 14	 -	 -	 -
SP128731DH	 31.5-32.2	 11,755	 -	 -	 7,658*	 -	 15	 26	 -	 -	 -
SP128734DH	 34.0-34.5	 11,099	 -	 9,273*	 -	 -	 23	 16,856	 -	 -
SP1287390H	 39.0-41.5	 -	 -	 3,293*	 -	 -	 15	 -	 -
SP1287410H	 41.5-44.0	 11,221	 -	 -	 -	 -	 -	 -	 -	 -
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TABLE 4-5b (Continued)

METAL CONCENTRATIONS IN SOILS ABOVE ESTIMATED BACKGROUND LEVELS Cu/kg)

Welt No.
and/or	 SampLe No.	 Interval	 Mg	 Mn	 Ni	 V	 Zn	 Be	 Cd	 Sb	 TI.

Borehole No.	 (ft)	 (2500)	 (337) (20u)** (38)	 (49) (3.4U)	 (3.4U)	 (41U)	 (6.8U)

SP1O-87	 SP108700DH	 0.0-1.8	 .	 -	 .	 .	 -	 4.04
SP108702DH	 2.0-3.9	 21670	 -	 .	 53	 4.44
SP1087048R	 4.0-5.0	 -	 509	 -	 68
SP108705DH	 5.0-7.0	 -	 .	 66
SP108707DH	 7.0-9.0
5P108709DH	 9.0-11.0	 NA	 NA	 NA	 NA	 NA	 -	 -	 -
SP108711DH	 11.0-13.0
SP1087130H	 13.0-14.9
SP1087150H	 15.0-16.9
SP108717DH	 17.0-19.0	 .	 426	 -	 .	 3.66	 -
SP1087017D	 17.0-19.0	 -	 -	 -	 61
SP108719DH	 19.0-21.0	 2,685	 -	 .	 -	 52	 100.66*
SP108721WT (UT) 21.0-23.0 	 -	 -	 -	 -	 51
SP108723DH	 22.7-23.7	 -	 -
SP108724DH	 23.7-25.7	 -	 -	 -	 56	 -	 -

SP11-87	 SP11870008	 0.0-8.8	 -	 -	 -	 -
SP118708DH	 8.8-11.3	 -	 -	 -	 -	 3.42	 -
SP118711DH	 11.5-14.0	 -	 -	 -	 -	 -
SP118714DH	 14.0-15.1	 -	 -	 29	 -	 50	 -	 -	 -	 -
5P118716DH	 16.5-17.8	 -	 -	 -	 -	 -	 -
SP118719DH	 19.0-21.5	 -	 -	 -	 -
SP1I8721DH	 21.5-24.0	 -	 -	 -
SP118724DH	 24.0-26.5	 -	 -
SP118726DH	 26.5-29.0	 -	 -	 -	 49	 -	 -
SP118729DH	 29.0-31.5	 3,330	 -	 366*	 -	 84	 -	 -	 -

SP12-87	 5P12870009	 0.0-9.0	 -	 -	 -
SP12870916	 9.0-16.5	 -	 -	 -	 •	 -	 3.50
SP1287160H	 16.5-19.0	 2,809	 -	 -	 -	 50	 -
SP1287190H	 19.0-21.5	 2,803	 -	 -	 46	 66	 -	 -	 -	 -
SP1287210H	 21.5-24.0	 -	 -	 -
SP128724DH	 24.0-25.2	 -	 -	 -	 -
SP128726DH	 26.5-29.0	 -	 -
SP128729DH	 29.0-31.5	 -	 -
SP1287310H	 31.5-32.2	 -	 -	 91	 -	 -
SP128734DH	 34.0-34.5	 2,784	 -	 32	 -	 116	 -	 -	 -
SP128739D14	 39.0-41.5	 -	 -	 -	 -	 69	 -	 -	 -	 -
SP128741DH	 41.5-44.0	 -	 -	 -	 66	 -	 -	 -
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TABLE 4-5a (Continued)

METAL CONCENTRATIONS IN SOILS ABOVE ESTIMATED BACCGROUIID LEVELS (.g/kg)

Well No.
and/or	 SampLe No.	 Interval	 AL	 As	 Ba	 Ca	 Co	 Cr	 Cu	 Fe	 Hg	 K
BorehoLe No.	 (ft)	 (9140) (10) (135u)	 (2500u)	 (25)	 (13)	 (13u)	 (12,400)	 (0.1U)	 (2500)

SP13-87	 SP138700UC	 0.0-1.5	 13,770	 -	 161	 6.215	 -	 -	 19	 14,828	 -	 -
SP138701CT	 1.5-3.5	 10,070	 -	 5,617	 -	 21	 -	 -
SP138703BR	 3.5-6.5	 9,162	 -	 -	 4,819	 -	 -	 28	 -	 -	 -
SP138706DH	 6.5-9.0	 -	 -	 -	 3,778	 -	 -	 16	 14,200	 -
SP1387601JP	 6.5-9.0	 -	 -	 -	 -	 -	 -	 -	 -	 -
SP1387090H	 9.0-11.5	 -	 -	 -	 -	 -	 -	 -	 -
SP1387I1DH	 11.5-14.0	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -

SP14-87	 SP148700UC	 0.0-0.4	 NA	 NA	 NA	 -	 NA	 NA	 NA	 -	 NA
SP148702CT	 2.0-4.0	 10,810	 -	 -	 5,515	 19	 NA	 -	 -
SP148704BR	 4.0-7.0	 -	 -	 4,869	 17	 21	 -	 -	 -

SP15-87	 SP158702DH	 2.0-2.8	 12,674	 -	 182	 6,420	 -	 24	 18	 26,993	 -	 -
SP158704DH	 4.0-4.4	 12,020	 -	 140	 7,205	 18	 19	 20,517	 -	 -
SP158708DH	 8.0-10.0	 10,159	 -	 -	 2,639	 -	 -	 14,666
SP1587008D	 8.0-10.0	 20,546	 -	 242	 4,789	 -	 21	 23	 29,505	 -	 -
SP1587100H	 10.0-12.0	 11,604	 -	 179	 3,134	 503k	 29	 23,469	 -	 -
SP158712WT (WI) 12.0-14.5 	 -	 -	 -	 2,654	 -	 -	 -
SP158714CT	 14.5-17.0	 11,560	 -	 144	 4,710	 -	 -	 23	 21,362	 -	 -
SP1587168R	 17.0-19.0	 11,327	 -	 261	 4,728	 -	 -	 20	 -	 -	 -

56-87/	 SP168702FS	 0.0-2.0	 12,751	 NA	 -	 -	 -	 21	 17	 16,363	 -	 NA
SP16-87	 SP168708UC	 6.0-8.0	 9,726	 NA	 -	 63,857*	 -	 16	 -	 -	 -	 NA

SP16871OCT	 10.0-11.2	 9,673	 NA	 -	 85,844*	 -	 18	 -	 -	 -	 NA
SP1687118R	 11.2-13.4	 -	 NA	 345	 16,274*	 17	 22	 -	 -	 NA

18-86	 C188608860	 6.5-10.3	 25,000	 -	 210	 8.000*	 -	 24	 -	 22,000	 -	 3,270

C188608861	 13.0-14.0	 11,700	 -	 -	 7,160	 -	 -	 -	 -	 -
C188608862	 35.0-38.0	 9,440	 -	 -	 19,200*	 34	 -	 -	 -	 0.14	 -

C)
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TABLE 4-5b (Continued)

METAL CONCENTRATIONS IN SOILS ABOVE ESTIMATED BACKGROUND LEVELS (/kg)

WeLl. No.

and/or	 Sample No.	 Interval	 Mg	 Mn	 Ni	 V	 Zn	 Be	 Cd	 Sb	 TL
Borehole No.	 (ft)	 (2500)	 (337) (20u)** (38)	 (49) (3.411)	 (3.4U)	 (41U)	 (6.8U)

SP13-87	 SP138700UC	 0.0-1.5	 -	 62	 -	 -	 -	 -
SP13870ICT	 1.5-3.5	 -	 -	 -	 -	 -	 -	 -	 -
SP138703BR	 3.5-6.5	 -	 -	 -	 63	 -	 -	 -	 -
SP138706DH	 6.5-9.0	 -	 -	 -	 -	 126	 -	 -	 -	 -
SP13876DUP	 6.5-9.0	 -	 -	 -	 -	 -	 -
SP1387090H	 9.0-11.5	 -	 -	 -	 -	 -	 -
SP138711DH	 11.5-14.0	 -	 -	 -	 -	 -	 -	 -	 -	 -

SP14-87	 SP148700UC	 0.0-0.4	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP148702CT	 2.0-4.0	 -	 -	 -	 -	 68	 -	 -	 -
SP1487048R	 4.0-7.0	 -	 -	 -	 -	 -	 -	 -

or, jot vun	 AL. UC.0	 -	 j If.	 ,C	 -	 UC	 -

SP158704DH	 4.0-4.4	 2,550	 -	 41	 -	 67	 NA
SP158708DH	 8.0-10.0	 -	 -	 33	 -	 55	 -
SP1587008D	 8.0-10.0	 3,265	 -	 41	 -	 -	 -
SP15871ODH	 10.0-12.0	 502	 543*	 -

SP158712WT (UT) 12.0-14.5	 -	 -	 -
SP158714CT	 14.5-17.0	 2,867	 -	 -	 -	 75	 -

SP158716BR	 17.0-19.0	 2,801	 -	 -	 -	 85	 -

56-87/	 5P168702FS	 0.0-2.0	 -	 -	 -	 -	 103	 103.13*

5P16-87	 SP1687081JC	 6.0-8.0	 -	 -	 -	 24.29k

SP16871OCT	 10.0-11.2	 -	 -	 -	 -	 -	 24.15*

-	 SP1687118R	 11.2-13.4	 -	 1,258*	 -	 51	 50.66*

18-86	 C188608860	 6.5-10.3	 6,730	 -	 -	 70	 -

C188608861	 13.0-14.0	 2,650	 -	 -	 62
r1ARAflRRA	 c A-IA A	 -	 -	 -ox

NA	 NA	 NA

64.67* 16,362.67* 12,750.58*
43.96*	 8,943.78*	 9,725.90*

	

83.15* 10,297.33*	 9,673.45*

	

345.06* 10,681.13*	 6,670.45*
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TABLE 4-5a (Continued)

METAL CONCENTRATIONS IN SOILS ABOVE ESTIMATED BACKGROUND LEVELS (.g/kg)

Welt No.
and/or	 Sample No.	 interval	 Al	 As	 Ba	 Ca	 Co	 Cr	 Cu	 Fe	 Hg	 K

Borehole No.	 (ft)	 (9140) (10) (135u)	 (2500u)	 (25)	 (13)	 (13u)	 (12,400)	 (0.1U)	 (2500)

20-86	 C208609860	 2.0-4.0	 44,400*	 -	 160	 4,050	 -	 33	 -	 34,700	 -	 8,020

C208609861	 13.0-14.70	 11,900	 -	 6,500	 -	 -	 13,000
C208609862	 20.4-22.0	 15,000	 -	 -	 9,160*	 -	 15	 0.20	 -

22-86	 C228609860	 FILL	 11,900	 .	 •	 6,500	 -	 -	 -	 13,000	 -	 -
C228609861	 CONTACT
C228609862	 BEDROCK	 15,000	 -	 -	 9,160*	 -	 .	 15	 •	 0.20

25-86	 C258608860	 FILL	 15,000	 .	 -	 254,000*	 -	 -	 -	 .	 0.16
C258608861	 12.5-14.5	 16,200	 -	 550*	 3,690	 .	 •	 14.700	 -
C258608862	 20.5-22.5	 10,300	 -	 -	 3,400

27-86	 C278609860	 5.7-8.0	 10,600	 -	 .	 10,400k	 -	 .	 14	 -	 0.98*	 -

C278609861	 12.0-13.8	 14,400	 -	 •	 5,750	 .	 -	 17	 -	 -
C278609862	 20.5-22.5	 11,500	 .	 •	 5,280	 .	 2.8*	 -

NOTES: (1)	 "-" Value below upper background limit.
(2) Values in parentheses are the upper range of background values described in 881 Hillside RI Report, Rockwell

International, 1988. "U" indicates detection limit.
(3) Values are rounded to the nearest integer. Lab reported values are Listed in Appendix D.
(4) * Indicates value greater than 3 times the upper background value.
(5) (WT) indicates water table sample.

(6) "NA" indicates sample not analyzed.
(7) ** Nickel background is 20 U. The table does not include Solar Pond nickel values below detection limits of 27U.

OD

0

.1.
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TABLE 4-5b (Continued)

METAL CONCENTRATIONS IN SOILS ABOVE ESTIMATED NACEG&OUUD LEVELS (mg/kg)

Wet  No.
and/or	 Sample No.	 Interval.	 Mg	 Mn	 Ni	 V	 Zn	 Be	 Cd	 Sb	 TL
Borehole No.	 (ft)	 (2500)	 (337) (20u)** (38)	 (49) (3.4U)	 (3.4U)	 (41U)	 (6.8U)

20-86	 C208609860	 2.0-4.0	 4,380	 .	 53	 65
C208609861	 13.0-14.70	 2,860	 41	 -	 59	 .
C208609862	 20.4-22.0	 2,840	 .	 81

22-86	 C228609860	 FILL	 2,860	 41	 -	 59	 -
C228609861	 CONTACT
C228609862	 BEDROCK	 2,840

25-86	 C258608860	 FILL	 8,810	 -	 -	 81	 -	 -	 -	 -
C258608861	 12.5-14.5	 4,920	 -	 40	 94	 -	 -	 -
C258608862	 20.5-22.5	 -	 -	 -	 -	 -	 -	 -	 -

27-86	 C278609860	 5.7-8.0	 -	 42	 -	 51	 -	 -	 -	 -
C278609861	 120-13.8	 3,700	 -	 -	 84	 -	 -	 -	 -
C278609862	 20.522.5	 -	 -	 -	 -	 -	 -	 -	 -

NOTES: (1)	 "-" Value below upper background Limit.
(2) Values in parentheses are the upper range of background values described in 881 Hillside RI Report, Rockwell

International., 1988. "U" indicates detection Limit.
(3) Values are rounded to the nearest integer. Lab reported values are Listed in Appendix D.
(4) * Indicates value greater than 3 times the upper background value.
(5) (UT) indicates water table sample.

(6) "NA" indicates sample not analyzed.
(7) ** Nickel background is 20 U. The table does not include Solar Pond nickel values below detection Limits of 27U.

0
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	16,363	 12,751

	

8,944	 9,726

	

10,297	 9,673

	

10,681	 6,670

103

24
24
51

51
71

119

16
10
84

22
20

101

65
44
83

345

780
132

40

586
393
92

612

40

503

58

44

474

514
313
94

366

543

1,8

35

64
55

TABLE 4-6

METAL CONCENTRATIONS

.
	 IN SOILS GREATER THAN THREE TIMES BACKGROUND (mg/kg)

Sample No.	 AL	 As	 Be	 Cd	 Cr	 Cu	 Mn	 Ni	 Sb	 it
(9140)	 (10)	 (3.4u)	 (3.4u)	 (13)	 (13u)	 (337)	 (20u)	 (41u)	 (6.8u)

.

SPO18700FS

SPO48702DH
SPO487040H
SPO487004D

5P058702DH
SP058704DH

SP058707DH
SPO5871ODH
SPOS8712DK

SP068702FS
SP068724DH

SPO78700DH
SP078708FS
SP078716DH
SPO 7871 8WT
SP078721CT
SP078723BR
SP078726DH

SPIO8719DH

SP1 18729DH

SP128716DH

SP1587100H

SP168702FS
SP168708UC
SP16871OCT
SP168711BR

30,899

30,265

	

NOTES: (1)	 "--' Value below three times the upper background Limit.
(2) Values in parentheses are the upper range of background values described in 881 Hillside RI

Report, Rockwell International., 1988. "U" indicates detection Limit.
(3) Values are rounded to the nearest integer. Lab reported values are Listed in Appendix D.
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Elevated cadmium concentrations occur in several soil samples from boreholes

SP4-87 and SP5-87 adjacent to Pond 207-A (Table 4-6). Concentrations in some soil

samples were over 10 times estimated background levels. Considering cadmium was

elevated in the Pond 207-A liquids and sludge, it is likely the observed cadmium

concentrations represent soil contamination originating from the solar ponds.

As shown in Table 4-6, elevated chromium and nickel almost always occur in

the same samples. These samples appear to be randomly distributed areally and

vertically. One of the highest concentrations of chromium occurred in bedrock at a

depth of 29 feet northeast of the solar ponds and on the north side of the North

Walnut Creek drainage (SPI1-87). Hydraulically, it is difficult to explain the

occurrence of these metals at this location if they originated from the solar ponds.

Also, soil samples occurring above and below samples with high concentrations of

chromium and nickel are an order of magnitude lower in concentration. Although

chromium and nickel occurred at elevated concentrations in Pond 207-A liquid and

sludges, the absence of any spatial trend to the soils data, and their "suspicious" co-

occurrence in the same samples (a possible laboratory error), does not support the

conclusion that these metals originated from the solar ponds. Furthermore, chromium

is not a contaminant of the ground water, and nickel does not occur pervasively at

elevated concentrations in ground water. This further suggests it is unlikely

chromium and nickel migrated from the solar ponds to the remote locations where

they occur at high concentrations. Given the above assessment, closure activities need

not address these elements to meet the closure performance standard.

S

There are no background data for strontium in soils at the Rocky Flats Plant;

however, inspection of all the data collected for the Remedial Investigation Reports

for the 903 Pad, Mound, East Trenches; and 881 Hillside (Rockwell International,
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1987b and 1988) show strontium concentrations to vary widely but randomly through

the soils. Concentrations ranged from <20 mg/kg to 196 mg/kg, but were generally

less than 50 mg/kg at the Plant. Lindsay (1979) presented a range of 50 to 1000

mg/kg and and average of 200 mg/kg for strontium in soils. Brown Hazardous Waste

Land Treatment Manual (1983) also presents a range of typical Strontium values

between 50 and 1000 mg/kg, with an average of 200 mg/kg. Krauskopk (1979)

presents and average strontium value for sand and sandstone of 20 mg/kg and an

average strontium value for shales and recent clays of 400 mg/kg. Strontium

concentrations in the soil samples from the solar pond area (and entire Plant area)

were within these general ranges. Strontium concentrations in borehole samples from

the solar pond area ranged from undetected to 250 mg/kg (sample SP06871113H).

Although data do not exist for strontium in Ponds 207-A and 207-C, strontium is not

considered a contaminant of soils in the solar ponds area. As postulated in the 881

Hillside RI (Rockwell, 1988), strontium above background levels in ground water may

be due to a release of strontium from the soils by the liquid waste disposed (or in this

case, leakage from the solar ponds).

Radionuclides

Radionuclides are analyzed by counting particles randomly emitted during

radioactive decay. The rate of decay approaches some average rate for the material

as the counting period increases. Because actual samples are counted for finite

periods of time, there will always be uncertainty associated with any measured value.

Radionuclide concentrations are thus reported as a measured value plus or minus a

two standard deviation counting uncertainty (erro: term). This uncertainty is

indicated in parentheses immediately following the measured value.
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A determination that two radionuclide concentrations are different from each

L other requires a statistical analysis incorporating the uncertainty. However,

radionuclide concentrations with error terms larger than their respective measured

value are not considered statistically different from the background values shown in

Table 4-7 because of the significant overlap of the probability distributions. If the

measured value for a radionuclide falls within the background measured range, it is

not considered to be above background levels regardless of the error term. This is the

basis for stating within this report that radionuclide concentration is within

- background ranges. Similiarly, if the measured value minus the error term of a

sample is greater than the measured value plus the error term for the upper limit of

the background range, it can be considered to be statistically different from

background. This leaves a range of measured values and error terms between these

two extremes, where without a statistical analysis, it cannot be definitely stated

whether the radionuclide concentration in the sample is different from background.

is Uranium, plutonium and americium concentrations in soil and core samples

from the solar pond borehole samples, generally met the above criteria for being

below background concentrations. Background data are not available for strontium

90 or for cesium 137. Table 4-7 show those samples in which radionuclide

concentrations are above background levels. Only two soil samples had uranium 233

+ 234, and only five soil and three core samples had uranium 238 concentrations

above estimated background levels. These concentrations were within a factor of

three of the upper background concentrations. Plutonium 239 + 240 exceeded

background in seven soil and one core sample and americium 241 in three soil

samples. Notably high plutonium concentrations occur near the surface northeast and

south of Pond 207-C (SP1-87 and SPI6-87), west and east of Pond 207-B South (SP4-87
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TABLE 4-7

RADIONUCLIDE CONCENTRATIONS IN SOILS
ABOVE BACKGROUND LEVELS (pCi/g)

WellNo.	
233+234	 238	 239+240	 241and/or	 Sample No.	 U	 U	 Pu	 Am

Borehole No.

Background	 Interval
Maximum	 (ft)	 [1.4(0.2)]	 (1.2(0.2)]	 [0.1(0.20)]	 (0.28(0.16))

SPO1-87	 SP018700FS	 0.0-1.2	 4.0(0.6)	 1.9(0.4)	 18(1)	 2.2(0.2)
SP018704DH	 6.0-5.0	 .	 2.1(0.5)	 -
SP018705DH	 5.0-6.3	 .	 2.8(0.5)

SPO4-87	 SPO48702DH	 2.0-3.7	 .	 1.9(0.3)

SP05-87	 SP058716DH	 15.3-17.3	 -	 -	 0.5(0.16)	 1.2(0.2)

SP06-87	 SP068702FS	 2.0-3.7	 .	 -	 0.52(0.16)
SP068718DH	 18.0-20.5	 .	 1.7(0.2)	 -

SP07-87	 SP0787000H	 0.0-1.8	 .	 2.2(0.3)

SP10-87	 SP108700DH	 0.0-1.8	 -	 .	 3.5(0.3)
SP108702DH	 2.0-3.9	 3.7(0.4)

SP11-87	 SP118716DH	 16.5-17.8	 -	 1.7(0.2)	 -	 -

SP16-87	 SP168702FS	 0.0-2.0	 9.0(0.6)	 0.96(0.26)

20-86	 C208609860	 2.0-4.0	 -	 2.7(0.3)
C208609862	 20.4-28.0	 2.1(0.4)	 -

22-86	 C228609861	 Contact	 -	 1.8(0.4)	 -

25-86	 C258608860	 -	 -	 0.42(0.05)	 -

NOTE: (1) Values in parentheses indicate counting errors.

(2) 81.11 Indicates value below maximum background value or counting error is greater
than its associated value.

(3) Maximum background is the upper range of background values described in the 881
Hillside RI Report, Rockwell International, 1988.
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S
and SP7-87), and north of Pond 207-C (SP10-87). These concentrations range from 10

to over 100 times estimated background levels. The criteria listed in Table XII of

this Solar Evaporation Pond Closure Plan define 20 picocuries per gram (pCi/gm) of

transuranics as the limit above which soil removal is necessary. As shown in Table 4-

7, only soils at borehole SP1-87 exceed the criterion of 20 pCi/g for the sum of

plutonium 239+240 and americium 241.

Nitrate

Examination of the soil nitrate data (Table 4-8) indicates that significantly

is

elevated concentrations of nitrate (>200 mg/kg) form a northeast trending "plume"

from borehole SP3-87 to SP14-87 and enveloping all intermediate boreholes except

SP13-87 (i.e., SP4-87, 5P5-87, SP6-87, SP8-87, and SP9-87) This "plume" direction is

generally what is expected based on ground water flow. The elevated concentrations

occur at or beneath the water table or in the upper several feet of weathered bedrock.

Although a water table was not identified during drilling of many of the boreholes

into weathered bedrock, it is likely the weathered bedrock has been saturated with

high nitrate water at times in the past. Where the water table was encountered, it can

be shown that a significant fraction of the nitrate in the soil is actually nitrate in the

ground water. The low concentrations of nitrate in the soils at SPI3-87 may be due to

its location on a bedrock high and within the French drain system. These two

features have largely diverted nitrate laden ground water away from this location.

The high concentration of nitrate in the soils at 5P14-87, which is just downgradient

from the French drain system, may be residual nitrate contamination from historical

releases from the solar ponds and/or releases from the French drain system during

periods of overflow.
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CONCENTRATION OF NITRATE
IN SOIL SAMPLES (mg/kg)

TABLE 4-8

WeLL No.
and/or	 Sample No.	 Interval	 Nitrate
BorehoLe No.	 (ft)	 as Nitrogen

SP01-87	 SPO18700FS	 0.0-1.2	 25.0
SP018704DH	 4.0-5.0	 96.0
SP0I8705DH	 5.0-6.3	 131.0
SP018711DH	 10.5-12.2	 4.0
SP018713DN	 12.7-14.9	 8.0
SPO187168R (WT) 15.2-16.7	 2.OU
SP0I8721DN	 20.2-22.3	 2.OU
SP018723DH	 22.7-24.1	 8.0

SP02-87	 SP02870008	 0.0-10.1	 9.0
SP028708UC	 7.1-10.1	 12.0
SP028711CT	 10.1-12.6	 3.0
SP0287138R	 12.6-15.1	 2.OU

SP03-87	 SP038702DH	 2.0-3.5
	

NA
SP038703FS	 4.0-4.6
	

NA
SP038711DH	 10.3-11.6
	

200.0
5P038713CT	 12.8-14.4
	

186.0
SP038716BR	 15.2-16.9
	

260.0

S
SPO4-87	 SPO48702DH	 2.0-3.7

SPO48704DK	 4.0-5.8
SPO487004D	 4.0-5.8
SPO48707DH	 7.0-8.7
SPO4871ODH	 9.5-10.1
SPO48712DH (UT) 12.6-14.5
SPO48715FS	 14.5-17.0
SPO487170H	 17.0-19.5
SPO487200H	 19.5-22.0
SPO48722DH	 22.0-24.0
5PO48725DH	 24.5-27.0
SPO48727DH	 27.0-29.5
5PO48730DH	 29.5-32.0
SPO48732DH	 32.0-34.0

SP05-87	 SP0587000H	 0.0-0.4
SP058702DH	 2.0-3.3
SP058704DH	 4.0-5.6
SP058707DH	 7.0-8.3
SP0587100H	 9.5-10.1
SP058712DH (UT) 12.8-14.4
SP058716DH	 15.3-17.3

SP06-87	 SP068702FS	 2.0-3.7
SP0687080H	 8.0-10.4
SP068711DH	 10.5-12.4
SP068713DH	 13.0-14.3
SP068716DH	 15.5-17.7
SP068718DH	 18.0-20.5
SP0687210H	 20.5-23.0
SP068724DH	 23.2-25.7
SP068726DH	 25.7-28.2

2.OU
5.0
40
5.0
NA

361.0
142.0
14.0

101.0
79.0
13.0
2.0U
2.0

25.0

NA
8.0
2.OU
9.0

345.0
705.0
14800

307.0
22.0
2. OU
2.0U
2. Cu
2. 0u
20U
2. CU
4.0
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TABLE 4-8 (Continued)

CONCENTRATION OF NITRATE

S
	 IN SOIL SAMPLES (mg/kg)

Well No.
and/or	 SampLe No.	 Interval	 Nitrate
Borehole No.	 (ft)	 as Nitrogen

SP07-87	 SP0787000H	 0.0-1.8
SP078702DH	 2.0-3.8
SP078708FS	 8.0-10.3
SP078711D14	 10.5-12.2
SP078713DH	 13.0-14.8
SP078716DH	 15.5-16.7
SP078718WT (WT) 18.0-19.3
SP078721CT	 20.5-23.0
SP078723BR	 23.0-26.0
SP078726DH	 26.0-28.5

2.OU
2.OU
2.0
3.0
2. 0U

150.0
480.0
656.0
58.0
2.0

39-87/
	

SP088703UC	 3.5-6.5
	

511.0
SPO8- 87
	

SP088706CT	 6.5-8.5
	

396.0
SP088709BR	 9.0-11.5
	

638.0

SPO9-87
	

SP098703UC	 3.0-5.1
	

329.0
SP098706C1	 6.0-8.5
	

87.0
SP098708BR	 8.5-11.0
	

242.0

.

	

SP10-87	 SP108700DH	 0.0-1.8
SP108702DH	 2.0-3.9
SP1087048R	 4.0-5.0
SP108705DH	 5.0-7.0
SP108707DH	 7.0-9.0
SP108709DN	 9.0-11.0
SPI08711DH	 11.0-13.0
SP108713DH	 13.0-14.9
SP1087150H	 15.0-16.9
SP108717DH	 17.0-19.0
SP1087017D	 17.0-19.0
SP1087190H	 19.0-21.0
SP108721WT (UT) 21.0-23.0
SP108723DH	 22.7-23.7
SP108724DH	 23.7-25.7

	

SP11-87	 SP11870008	 0.0-8.8
SP118708DH	 8.8-11.3
SP118711DH	 11.5-14.0
SP1187140H	 14.0-15.1
SP118716DH	 16.5-17.8
SP118719D1$	 19.0-21.5
SP1187210H	 21.5-24.0
SP118724DH	 24.0-26.5
SP118726DH	 26.5-29.0
SP118729DH	 29.0-31.5

4.0
15.0
10.0
11.0
10.0
14.0
12.0
14.0
26.0
16.0
23.0
12.0
11.0
10.0
13.0

9.0
20U
2.OU
2.OU
3.0
10.0
11.0
10.0
12.0
2. 0U
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S
CONCENTRATION OF NITRATE
IN SOIL SAMPLES (mg/kg)

TABLE 4-8 (Continued)

Well No.
and/or	 Sample No.	 Interval	 Nitrate
BorehoLe No.	 (ft)	 as Nitrogen

S

SP12-87	 SP12870009	 0.0-9.0
SP12870916	 9.0-16.5
SP1287160H	 16.5-19.0
SP128719DH	 19.0-21.5
SP1287210H	 21.5-24.0
SP128724DH	 24.0-25.2
SP128726DH	 26.5-29.0
SP128729DH	 29.0-31.5
SP128731DH	 31.5-32.2
SP128734DH	 34.0-34.5
SP128739DH	 39.0-41.5
SP128741DH	 41.5-44.0

SP13'87	 SP138700UC	 0.0-1.5
SP138701CT	 1.5-3.5
SP138703BR	 3.5-6.5
SP138706DH	 6.5-9.0
SP13876DUP	 6.5-9.0
SP138709DH	 9.0-11.5
SP138711DH	 11.5-14.0

SP14-87	 SP148700UC	 0.0-0.4
SP148702CT	 2.0-4.0
SP148704BR	 4.0-7.0

SP15-87	 SP158702DH	 2.0-2.8
SP158704DH	 4.0-4.4
SP1587080H	 8.0-10.0
SP1587008D	 8.0-10.0
SP1587100H	 10.0-12.0
SP158712WT (WI) 12.0-14.5
SP158714C1	 14.5-17.0
SP1587168R	 17.0-19.0

56-87/	 SP168702FS	 0.0-2.0
SP16-87	 SP168708uc	 6.0-8.0

SP16871OCT	 10.0-11.2
SP1687118R	 11.2-13.4

3.0
3.0
3.0
2.0U
4.0
8.0

35.0
11.0
3.0

21.0
2. OU
3.0

2.0U
2. 0U
4.0
2.OU
2.OU

21.0
2.0U

NA
251.0
220.0

20.0
NA

2.0
3.0
2.OU
2. 0U
4.0
2.OU

11.0
12.0
3.0
2.0u

NOTES: (1) "U" Indicates detection Limit.

(2) "E" with no result: Indicates that the
sample contained a substance that
interfered with the titration, masking the
color change of the indicator, making the
end point impossible to determine.

(3) "E" with a result: Indicates that the end
point color change was a dark salmon color
instead of peach, indicating possible
interference, hundredth.

(4) "NA"	 Indicates	 that sample	 was	 not
analyzed.
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From a historical perspective, soil nitrate concentrations in the early 1970s

were an order of magnitude higher and generally located near the surface

(Engineering Science, 1975). It is conjectured that the French drain system has

lowered the water table allowing flushing of the soils near the surface by

precipitation, and that the current nitrate releases to ground water are less than in

years past.

.

4.2.3 Organic Laboratory Contamination of Soil

The presence of Hazardous Substance List (HSL) organics in soil samples at

concentrations above detection limits are indicative of contamination provided that

these organics are not present in laboratory blanks associated with the samples.

However, the presence of an HSL organic in a laboratory blank and sample does not

necessarily imply laboratory artifact, if the concentration in the sample greatly

exceeded the laboratory blank concentration. No analyses for laboratory blanks were

included with the volatile organics analytical results for the 1987 boring soil samples

(SP01-87 through SPI6-87); therefore, it is not possible to evaluate whether the

detected concentrations of methylene chloride, chloroform and 2-butanone are

laboratory contaminants. However, inspection of the data in Table 4-9 indicates

volatile organics are generally near or below detection limits. Analytical data for the

core samples collected in 1986 indicated the presence of low concentrations of

methylene chloride (MeCI), acetone, l,l-DCA, CHCI 3, 2-butanone, 1,1,1-TCA, TCE,

toluene, and total xylenes. In most cases, concentrations of these VOCs are at

estimated concentrations below detection limits and/or are present in the laboratory

blanks. Low concentrations of VOCs also occur infrequently in the ground water at

the solar ponds area. It appears that organic contamination, although possible, is not

of major significance at the solar ponds.
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TABLE 4-9

VOLATILE ORGANIC CONCENTRATIONS DETECTED IN SOIL AND CORE SAMPLES (ug/kg)

Welt No.
and/or	 Sample No.	 Interval	 Total
Borehole No.	 (ft)	 MeCL	 Acetone	 1,1-DCA	 CHCL 3	NEK	 1,1,1-TCA	 TCE	 Toluene	 Xytenes

SP01-87	 SP018700Fs	 0.0-1.2	 -	 -	 -	 -	 -	 -	 -	 -
SP0187040H	 4.0-5.0	 -	 -	 -	 61	 -	 -	 -
SP018705DH	 5.0-6.3	 -	 -	 -	 -	 -	 -
SP018711DH	 10.5-12.2	 -	 -	 -	 -	 -
SP018713DH	 12.7-14.9	 -	 -	 -	 6J	 -	 -	 -	 -
SP018716BR (UT) 15.2-16.7	 -	 -	 -	 -	 -
SP018721DH	 20.2-22.3	 -	 -	 -	 -	 -
SP018723DH	 22.7-24.1	 -	 -	 -	 -	 -

SP02-87	 SP02870008	 0.0.10_1	 -	 -
SP028708uc	 7.1-10.1	 -	 -	 -
SP028711CT	 10.1-12.6	 -	 -	 iOJ	 -	 -
SP0287138R	 12.6-15.1	 -	 -	 -	 6J	 -	 -

SP03-87	 SP038702DH	 2.0-3.5	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

SP038703FS	 4.0-4.6	 NA	 HA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

SP038711DH	 10.3-11.6	 -	 -	 -
SP038713CT	 12.8-14.4	 -	 -	 -	 -	 -
SP0387168R	 15.2-16.9	 -	 5J	 -	 -	 -	 -

SPO4-87	 SPO48702DH	 2.0-3.7	 -	 -	 -	 101	 -	 -

SPO487040H	 4.0-5.8	 -	 -	 -
SPO487004D	 4.0-5.8
SPO487070H	 7.0-8.7	 -	 -
SPO487100H	 9.5-10.1
SPO48712DH (UT) 12.6-14.5	 -	 -	 101	 -	 -
SPO48715FS	 14.5-17.0	 -
SPO48717DH	 17.0-19.5	 -	 -
SPO48720DH	 19.5-22.0	 -	 -	 -	 -	 -
SPO46722DH	 22.0-24.0	 -	 -	 -
SPO48725DH	 24.5-27.0	 -	 -	 -	 -	 -	 -	 -	 -
SPO48727DH	 27.0-29.5	 -	 -	 -	 -
SPO487300K	 29.5-32.0	 -	 -	 -	 -	 -
SPO48732DH	 32.0-34.0	 -	 -	 -	 -

SP05-87	 SP058700DH	 0.0-0.4	 -	 -	 -	 -
SP058702DH	 2.0-3.3	 -	 -	 -	 -
SP058704DH	 4.0-5.6	 -	 -	 -	 -
SP058707DH	 7.0-8.3	 -	 -	 -	 -
SP05871ODH	 9.5-10.1	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

SP0587120H (WI) 12.8-14.4	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

SP0587160H	 15.3-17.3	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
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TABLE 6-9 (Continued)

VOLATILE ORGANIC CONCENTRATIONS DETECTED IN SOIL AND CORE SAMPLES (ug/kg)

Wet  No.
end/or	 Sample No.	 Interval	 Total
Borehole No.	 (ft)	 MeCI	 Acetone	 11-DCA	 CHCL 3	MEK	 1,1,1-TCA	 TCE	 Toluene	 Xytenes

SP06-87	 SP068702Fs	 2.0-3.7	 6.40J	 -	 -	 -	 -
SP0687080H	 8.0-10.4	 52.0	 -	 -	 -	 -	 -0.	 SP0687110N	 10.5-12.4	 -	 -	 -	 -	 -	 -	 -
SP068713DH	 13.0-14.3	 -	 -	 -	 -	 -	 -	 -
SP068716DH	 15.5-17.7	 -	 -	 -	 -	 -	 -	 -
SP0687180H	 18.0-20.5	 6.80J	 -	 -	 -	 -	 -	 -
SP068721DH	 20.5-23.0	 -	 -	 -	 -	 -
SP068724DH	 23.2-25.7	 -	 -
SP068726DH	 25.7-28.2	 -	 -	 -	 -	 -	 -

SP07-87	 SP078700DH	 0.0-1.8	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP078702DH	 2.0-3.8	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP078708FS	 8.0-10.3	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP0787110H	 10.5-12.2	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP078713D14	 13.0-14.8	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP0787160H	 15.5-16.7	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP078718WT (UT) 18.0-19.3 	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP078721CT	 20.5-23.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

I- 	SP0787238R	 23.0-26.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
4- 	SP0787260H	 26.0-28.5	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

39-87,	 SP088703uC	 3.5-6.5	 -	 -	 -	 -	 -	 -
0
	 SP08-87	 SP088706cT	 6.5-8.5	 -	 -	 -	 -	 -	 -

SP0887098R	 9.0-11.5	 -	 -	 -	 -	 -	 -

SP09-87	 SP098703uc	 3.0-5.1	 -	 -	 -	 101	 -	 -	 -
SP098706CT	 6.0-8.5	 -	 -	 -	 -	 -
SP0987088R	 8.5-11.0	 -	 -	 -	 -

SP1O-87	 SP108700DH	 0.0-1.8	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP108702DH	 2.0-3.9	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP1087046R	 4.0-5.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP108705DH	 5.0-7.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SPI08707DN	 7.0-9.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP108709DH	 9.0-11.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP1087110H	 11.0-13.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP108713DH	 13.0-14.9	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP108715D1$	 15.0-16.9	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

C)

0
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TABLE 4-9 (Continued)

VOLATILE ORGANIC CONCENTRATIONS DETECTED IN SOIL AND CORE SAMPLES (ug/kg)

WeLL No.
and/or	 Sample No.	 Interval	 Total
Borehole No.	 (ft)	 MeCt	 Acetone	 11-DCA	 CHCL 3	MU	 1,1,1-TCA	 TCE	 Toluene	 Xytenes

SP1O-87	 SP108717DH	 17.0-19.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP10870170	 17.0-19.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

SP108719DK	 19.0-21.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP108721WT (UT) 21.0-23.0	 NA	 WA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP108723DH	 22.7-23.7	 NA	 NA	 MA	 NA	 NA	 NA	 WA	 NA	 NA
SP108724DH	 23.7-25.7	 NA	 NA	 NA	 NA	 NA	 NA	 MA	 MA	 NA

SP11-87	 SP11870008	 0.0-8.8
SP118708DH	 8.8-11.3
SP11871IDH	 11.5-14.0	 -	 -	 -	 -
SP118714DH	 14.0-15.1	 -	 -	 -	 •	 29.30	 -	 -	 -

SP118716DH	 16.5-17.8
SP118719DH	 19.0-21.5	 -	 -	 -	 -	 -	 -	 -	 -
SP118721DH	 21.5-24.0	 -	 -	 -	 -	 -	 -

SP118724DH	 24.0-26.5	 -	 -	 -	 -	 -
SP118726DH	 26.5-29.0	 -	 -	 -	 -

SP118729DH	 29.0-31.5	 NA	 NA	 MA	 NA	 NA	 MA	 MA	 NA	 NA

SP12-87	 SP12870009	 0.0-9.0	 NA	 NA	 NA	 NA	 NA	 MA	 NA	 NA	 MA

SP12870916	 9.0-16.5	 NA	 NA	 WA	 MA	 NA	 MA	 NA	 NA	 MA

SP128716DH	 16.5-19.0	 MA	 MA	 NA	 MA	 NA	 NA	 NA	 MA	 NA

SP1287190H	 19.0-21.5	 NA	 NA	 NA	 NA	 NA	 MA	 MA	 NA	 NA

SP128721DH	 21.5-24.0	 NA	 NA	 NA	 NA	 NA	 MA	 MA	 NA	 MA

SP1287240H	 24.0-25.2	 MA	 NA	 NA	 NA	 NA	 MA	 MA	 NA	 NA

SP128726DH	 26.5-29.0	 NA	 NA	 MA	 NA	 NA	 NA	 NA	 NA	 NA
SP128729DH	 29.0-31.5	 NA	 MA	 NA	 NA	 MA	 NA	 MA	 NA	 NA

SP128731DH	 31.5-32.2	 NA	 WA	 NA	 NA	 NA	 MA	 NA	 MA	 NA
SP128734DH	 34.0-34.5	 MA	 MA	 NA	 NA	 NA	 NA	 NA	 MA	 NA

SP128739DH	 39.0-41.5	 NA	 NA	 NA	 NA	 MA	 NA	 NA	 NA	 NA
SP128741DH	 41.5-44.0	 NA	 NA	 NA	 NA	 MA	 NA	 NA	 NA	 NA

SP13-87	 SP138700uC	 0.0-1.5	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

SP138701CT	 1.5-3.5	 NA	 NA	 MA	 NA	 NA	 NA	 NA	 NA	 NA
SP1387038R	 3.5-65	 MA	 MA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

SP1387060H	 6.5-9.0	 NA	 MA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP13876DUP	 6.5-9.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

SP1387090H	 9.0-11.5	 NA	 MA	 NA	 MA	 NA	 MA	 NA	 NA	 NA

SP138711DH	 11.5-14.0	 MA	 MA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

SP14-87	 SP148700UC	 0.0-0.4	 NA	 MA	 MA	 NA	 NA	 NA	 NA	 NA	 NA

SP1487.02CT	 2.0-4.0	 NA	 MA	 MA	 NA	 NA	 NA	 NA	 NA	 MA

SP1487048R	 4.0-7.0	 HA	 MA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
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TABLE 4-9 (Continued)

VOLATILE ORGANIC CONCENTRATIONS DETECTED IN SOIL AND CORE SAIIPLES (ug/kg)

Well No.
and/or	 Sample No.	 Interval	 Total

Borehole No.	 (ft)	 MeCL	 Acetone	 1,1-DCA	 CNCL 3	NEK	 1,1,1-ICA	 ICE	 Toluene	 Xytenes

SP15-87	 SP158702DH	 2.0-2.8	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
5P158704DH	 4.0-4.4	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

SP158708DH	 8.0-10.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP1587008D	 8.0-10.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP1587100H	 10.0-12.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP158712WT (WI) 12.0-14.5 	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP158714CT	 14.5-17.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP1587168R	 17.0-19.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

56-87/	 SP168702FS	 0.0-2.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA
SP16-87	 SP168708UC	 6.0-8.0	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

SP16871OCT	 10.0-11.2	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

SP1687118R	 11.2-13.4	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA	 NA

18-86	 C188608860	 6.5-10.3	 24	 72	 -	 -	 -	 -	 -	 -
C188608861	 13.0-14.0	 10	 110	 -	 -	 -	 -	 -	 -

C188608862	 35.0-38.0	 10	 1658	 -	 -	 -	 21	 71	 28J	 -

20-86	 C208609860	 2.0-4.0	 2J	 358	 4J	 -	 -	 -	 1J	 -

C208609861	 13.0-14.70	 2J	 44B	 6	 -	 138	 -	 -	 -

C208609862	 20.4-22.0	 21	 458	 2J	 -	 -

22-86	 C228609860	 FILL	 2.1	 318	 31	 -	 -	 218	 -	 11	 4J

C228609861	 CONTACT	 71	 398	 25	 -	 -	 3J	 -	 2J	 4J

C228609862	 BEDROCK	 8.1	 1248	 43	 -	 -	 5J	 -	 2J	 51

25-86	 C258608860	 FILL	 9	 468	 42	 21	 -	 -	 88	 11

C258608861	 12.5-14.5	 61	 89BJ	 16	 -	 -	 2J	 -	 181	 -

C258608862	 20.5-22.5	 5.1	 308J	 13	 -	 -	 -	 -	 161	 -

27-86	 C278609860	 5.7-8.0	 2.1	 49BJ	 3.1	 -
C278609861	 12.0-13.8	 12	 418	 49	 -	 12	 6J	 -	 28J	 -
C278609862	 20.5-22.5	 10	 528	 35	 -	 4J	 -	 281	 21

NOTES: (1) Abbreviations: MeCE = Methylene Chloride; 1,1-DCA = 1,1-Dichloroethane; CHCL = Chloroform;
MEK = 2-Butanone; 1,1,1-rCA = 1,1,1-Trichtoroethane; TCE = Trchloroethene.

(2) "J" indicates that value is estimated below detection limit.
indicates compound concentration below detection Limit.

(3) "NA" indicates sample holding time exceeded; therefore, sample not analyzed.

(4) 118" indicates that the compound was present in the laboratory blank.
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5.0 SITE HYDROGEOLOGY

5.1	 SITE GEOLOGY

Presented below are hydrogeologic and ground-water quality data collected

during site investigations at the Solar Evaporation Ponds in 1986 and 1987 as well as

from previous investigations. The section begins with detailed descriptions of

surficial (Section 5.1.1) and bedrock (Section 5.1.2) geology including lithologies,

thicknesses, and extent of materials found in the solar ponds area. Ground-water

hydrology and water quality data are discussed in Sections 5.2.1 and 5.2.2 for surficial

and bedrock flow systems, respectively.

Information for these discussions was obtaincd from previous studies, aerial

photographs, 28 monitor well boring logs, 16 shallow borings, and field mapping.

Plate 2-1 shows the location of all monitoring wells at the Rocky Flats Plant, and

Plate 5-2 presents monitor well locations at the Solar Evaporation Ponds. Geologic

logs of all boreholes and wells at the Solar Evaporation Ponds along with well

completion data sheets are located in Appendix B, and analytical data are presented

in Appendices C (recent data) and D (historical data).

5.1.1	 Surf icial Geology

Surficial materials in the Solar Ponds area consist of the Rocky Flats

Alluvium, colluvium, valley fill alluvium, and disturbed ground unconformably

overlying bedrock (Plate 5-1). In addition, there are a few isolated exposures of
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claystone and sandstone bedrock located along slopes and the road cut directly east of

the ponds.

The five solar ponds are located on a terrace which is capped by Rocky Flats

Alluvium. Colluvium (slope wash) covers the hillsides of the terrace, and valley fill

alluvium is present in the drainages of North and South Walnut Creeks. Much of the

area surrounding the ponds is disturbed ground due to construction of the ponds,

roads, the Perimeter Security Zone (PSZ) fence, nearby buildings, and the French

drain system.

5.1.1.1 Rocky Flats Alluvium

The Quaternary Rocky Flats Alluvium is the oldest and topographically

highest alluvial deposit of the Rocky Flats Plant; it is Nebraskan in age (Scott, 1965).

The Rocky Flats Alluvium occurs at an elevation of approximately 5,950 feet above

mean sea level in the vicinity of the solar ponds. The Rocky Flats Alluvium is a

series of coalescing alluvial fans deposited by braided streams (Hurr, 1976). The

erosional surface (pediment) on which the alluvium was deposited slopes gently

eastward truncating the Arapahoe Formation at the Solar Evaporation Ponds.

Following deposition of the Rocky Flats Alluvium, eastward flowing streams

began dissecting the deposit by headward erosion and lateral planation. All of the

alluvium was eroded in the drainages of North and South Walnut Creeks, and the

terrace on which the ponds are located remained. Colluvium and valley fill alluvium

were subsequently deposited along the slopes and in drainages, respectively. Rocky

Flats Alluvium capped the terrace at the solar ponds prior to pond construction.
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Much of the alluvium was removed and/or reworked during construction activities

10
	

(Cross sections A-A', B-B', C-C', D-D', and E-E'; Plate 5-3).

The reworked Rocky Flats Alluvium in the solar ponds area is described as a

generally poorly sorted, unconsolidated deposit of clay, silt, sand, and gravel. Colors

range from light brown (5 YR 5/6) to gray brown (5 YR 3/2) with isolated horizons

of olive gray (5 Y 3/2) to gray brown (5 YR 3/2). Color codes are adopted from GSA

Color Chart. The grain size of the quartz and granitic sand ranges from fine- to

coarse-grained (3.0 0 - 1.0 0 on the Wentworth Scale) with no single size taking

predominance. Gravels range from 0.25 mm to 2.0 mm in size and are angular to

subangular, indicative of materials transported short distances. The deposits are

mildly calcareous and weakly cemented in places. Where undisturbed to the east of

the ponds, the Rocky Flats Alluvium is 8.7 feet thick (well 29-86).

5.1.1.2 Colluvium

Colluvial materials are present on hill slopes to the northeast and southeast of

the Solar Evaporation Ponds descending to North and South Walnut Creeks (Plate 5-1).

However, much of the colluvium on the slope due north of the ponds was removed

during construction of the PSZ fence and the French drain system. Colluvium was

penetrated by wells 21-87 and 22-87 to depths of 9.5 and 12.8 feet, respectively.

Colluvium is described as consisting predominantly of clay with common

occurrences of sandy clay and gravel layers. Colluvial clay is typically poorly

consolidated and ranges in color from dark yellowish brown (10 YR 4/2) to light

olive gray (5 Y 5/2) and light olive brown (5 Y 5/6). Occasional dark yellowish

orange iron staining (10 YR 6/6) and stringers of brownish gray (5 YR 4/1) are

present. Sand, when present, is very fine-grained to coarse-grained and poorly sorted.
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Occasional cobbles occur within gravel layers, which are poorly sorted and

unconsolidated (Cross Section F-F'; Plate 5-3).

5.1.1.3 Valley Fill Alluvium

The most recent alluvial deposit in the solar ponds area is valley fill alluvium

found along the drainages of North and South Walnut Creeks (Cross Section G-G';

Plate 5-3). This alluvium is derived from reworked and redeposited older alluviums

and bedrock material.

Valley fill alluvium was encountered in eight wells in the solar ponds area

ranging from 5.5 feet (36-86) to 16.1 feet (34-86) in thickness. The unconsolidated

valley fill alluvium Consists of poorly sorted sand, gravel, and cobbles in a clay

matrix. Colors range from olive gray (5 Y 3/2) with dark yellowish orange mottles

(10 YR 6/6) to dark yellowish brown (10 YR 4/2). Gravels are subangular to

subrounded and unsorted. Composition of the valley fill alluvium does not differ

significantly between North and South Walnut Creeks based on lithologic descriptions

from borings for wells 13-86, 14-86, 15-86, 16-86, and 17-86 drilled in the North

Walnut Creek drainage and borings for wells 34-86, 35-86, and 36-86 drilled in the

South Walnut Creek drainage.

5.1.1.4 Disturbed Ground

Plate 5-1 shows much of the area around the Solar Evaporation Ponds as

disturbed ground. This includes the ponds, buildings, roadways, the PSZ fence, and

the French drain system north of the ponds. A total of 15 wells and all 16 borings

were drilled though disturbed materials (Plate 5-1). Areas of disturbed ground are

also shown in cross section on Plate 5-3.
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Disturbed ground is generally described as unconsolidated clay, silt, sand,

gravel, and pebbles. The materials are very poorly sorted with fragments of claystone

and cement rubble and display no bedding. A multitude of colors were encountered

from olive to reddish brown (5 Y 5/6 - 10 R 5/4) to olive to yellow gray (5 Y 5/2 - 5

Y 8/4) and gray to yellow orange (10 YR 7/4 - 10 YR 6/6). Granitic and quartzite,

angular to subangular gravels and pebbles are commonly found in areas of disturbed

Rocky Flats Alluvium. Sand, when present, varied from fine- to coarse-grained and

was very poorly sorted. Thickness of the fill material ranges from 0.8 feet at well 32-

86 (north of pond 207A) to greater than 21 feet at boring SP07-87 (east of Pond 207-B

South).

5.1.2 Bedrock Geology

The Cretaceous Arapahoe Formation underlies surficial deposits in the solar

pond area. Ten wells were completed in various zones of the bedrock during the 1986

and 1987 drilling programs. The Arapahoe Formation beneath the Solar Evaporation

Ponds consists primarily of claystone with interbedded sandstones and siltstones. The

Arapahoe Formation was deposited by meandering streams flowing generally west to

east off the Front Range. Sandstones were deposited as braided stream channel

deposits and as overbank splays. Claystones were deposited in back swamp and

floodplain areas. Leaf fossils, black organic matter, and wood fragments were

encountered within the claystones during drilling at the solar ponds. Contacts

between various lithologies are both gradational and sharp.

Plate 5-4 illustrates the top of the Arapahoe Formation beneath the Solar

Ponds Areas. This plate shows three distinct ridges in the top of bedrock, one

oriented north-south, one oriented southwest-northeast, and one oriented west-east.
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These bedrock ridges correspond to the subcropping sandstone areas indicating the

C	 resistant nature of the sandstone units (Plate 5-2).

Between these ridges are two paleochannels. As discussed in Section 5.2.1,

these channels aid in directing the alluvial ground-water flow toward the North

Walnut Creek drainage.

5.1.2.1 Arapahoe Claystones

Claystones were the most frequently encountered lithology of the Arapahoe

Formation immediately below the Quaternary/Cretaceous contact (Cross Sections A-A'

through G-G'; Plate 5-3). Claystones are described as massive and blocky, containing

occasional thin laminae and stringers of sands, silt, and coal.

Weathered bedrock was encountered directly beneath surficial materials in all

fl of the monitor wells and borings. Weathering was noted to depths of 28.0 and 39.0

feet below ground surface in boring SP06-87 and monitor well 39-87BR, respectively.

The weathered claystones generally range from pale yellowish brown (10 YR 6/2) to

light olive gray (5 YR 5/6) in color and are moderately stained with iron oxide. Iron

oxide stains also occurred as brown and red mottling. Calcium carbonate deposits

along with iron oxide concretions are noted in the weathered zone. Fractures are

noted between 6.0 and 26.0 feet below ground surface in wells 24-86, 27-86, 22-87, 29-

86, 31-86, and 33-86 associated with the weathered zone. Calcareous pockets and

ironstone concretions were observed along these fractures.

Unweathered claystone is typically dark gray (N 3/0) to yellowish gray (5 Y

7/2) and has little mottling. Vertical, subvertical, horizontal, and 45 degree fractures

associated with unweathered claystone are found at varying depths between
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approximately 30 feet (34-86) to greater than 100 feet (23-86). Many of the shallower

fractures (30-60 feet) are described as calcareous, limonitic, or iron stained implying

water movement. However, the fractures cannot be correlated between holes. Both

weathered and unweathered claystone contains laminae of very fine silt and sand.

Typical silt or sand horizons range from brownish gray (5 YR 4/1) to dark yellowish

orange (10 YR 6/6) in color.

is

5.1.2.2 Arapahoe Formation Sandstones

Bedrock wells 14-86, 16-86, 23-86, 25-86, 27-86, 31-86, 32-86, and 39-87BR in

the solar ponds area are completed in Arapahoe Formation sandstones. In addition,

boreholes SPO1-87, SPO4-87, SP11-87 and 5P12-87 encountered near surface Arapahoe

sandstones. These sandstones are generally composed of moderately to well sorted,

subrounded to rounded, very fine- to medium-grained, consolidated quartz sand. The

shallower (weathered) sandstones exhibited dark yellowish orange mottling (10YR

6/6), and cementation increased with depth due to a decrease in weathering. The

thickness of individual sandstone layers ranged from 1.9 feet in wells 14-86 and 16-86

to a maximum of 19.8 feet in well 39-87BR. Most sandstones encountered contain

thin beds or laminae of fine silt and clay. Bedding ranged from none apparent in

well 32-86 to convoluted bedding in well 23-86. Color of the sandstone ranged from

light gray (N 6/6) to dark greenish gray (5 GY 4/1) in well 25-86 to olive gray (N

7/0) in well 32-86.

Siltstones were also encountered in the Arapahoe Formation during drilling at

the Solar Evaporation Ponds. Specifically, wells 14-86, 16-86, 23-86, and 25-86

encountered relatively homogeneous beds of unweatheed siltstone. These beds ranged

from less than one foot (well 14-86) to 30 feet in thickness (well 23-86). They are
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dark gray (N 3/0) to dark greenish gray (5 GY 4/1) in color, contain a trace of very

fine-grained sand, are slightly calcareous, and contain some wood fragments.

As shown on cross sections A-A' through G-G' (Plate 5-3), sandstone/siltstone

beds are present beneath the Solar Evaporation Ponds area. Some beds occur at depth

and others subcrop at the Quaternary/Cretaceous boundary. Cross sections A-A'

through G-G' depict the siltstone and sandstone units dipping gently eastward at

approximately seven degrees.

Subcropping sandstones were encountered in the vicinity of the solar ponds in

wells 39-87BR, 31-86, 32-86, 22-86 and borings SP01-87, SP02-87, SP11-87, and SPO4-87

(Plate5-2). Subcropping sandstones vary in thickness from less than 3.0 feet at

borehole SPO4-87 to approximately 20.0 feet at well 39-87BR (Cross Sections A-A', B-

B', C-C', D-D', and F-F'; Plate 5-3). In well 31-86, approximately 11.0 feet of sand

described as soft and weakly consolidated (very weathered) underlies disturbed

ground. In all other cases the sandstone is consolidated and firm.

The subcropping Arapahoe sandstones are generally described as a fine to

coarse-grained (3.5 - 2.5 0), rounded to subrounded, weakly to moderately cemented,

quartz sand. They occasionally contain small pebble horizons which are generally

moderately to well sorted. The sandstone color ranges from light gray (N 6) to dark

gray (N 4) grading into yellow gray (5 Y 2/2 - 5 Y 7/2) and pale olive (10 YR 6/2).

Yellow orange iron oxide staining (10 YR 6/6) is noted in several wells with the

frequency of occurrence increasing toward the surface as a result of weathering.

The subcropping sandstone is generally weathered, blocky, massive, and

contains lignite fragments (SPII-87) and leaf imprints (32-86). Calcium carbonate and

coal stringers are noted in borehole SP03-87. Fractures are noted in core from holes
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32-85, 31-86, and 22-86 at depths of 5.0, 6.8, and 14.4 feet, respectively. The fractures

at 6.8 feet in hole 31-86 are infilled with calcareous deposits.

The relative vertical and horizontal location of the subcropping sandstones and

the physical descriptions of the same sandstones in the solar pond area suggest that

many of the subcropping sandstones are interconnected. Approximate areal extents of

subcropping sandstones are shown in plan view on Plate 5-2.

One occurrence of subcropping sandstone appears at well 39-87BR where

approximately 20 feet of fine-grained sandstone subcrop. Sandstone subcrop was not

encountered in any adjacent wells.

The second and third occurrences of subcropping sandstones include borehole

SPO4-87 where approximately 3.0 feet of sandstone is present and borehole SP1I-87

where approximately 8.5 feet of subcropping sandstcne underlies disturbed ground.

In both cases, no adjacent wells contain subcropping sandstone, suggesting that these

sandstone occurrences have limited lateral extent.

A fourth and extensive area of subcropping sandstone occurs in wells 31-86,

32-86, 22-86, and boreholes SPO1-87 and SP02-87. Sandstone thicknesses range from

5.0 feet to 15.5 feet in boreholes SP03-87 and 32-86, respectively. The combination of

these five holes outlines an oblong area underlying portions of Solar Evaporation

Ponds 207-A and 207-C (Plate 5-2).

5.2 Ground-Water Hydrology

Ground water occurs in surficial materials (Rocky Flats Alluvium, colluvium,

valley fill alluvium, and disturbed ground) and in Arapahoe sandstones and

is SOLAR POND CLOSURE CHARACTERIZATION REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO	 1 JULY 1988	 PAGE 5-9



are discussed separately below.

claystones at the Solar Pond Area. These two hydraulically connected flow systems

.

5.2.1 Ground-water System in Surficial Materials

Ground water is present in surficial materials at the Solar Evaporation Ponds

under unconfined conditions. Portions of the surficial materials at the solar ponds

are unsaturated.

5.2.1.1 Recharge/Discharge Conditions

Recharge to the water table occurs as infiltration of incident precipitation. In

addition, ground water within surficial materials flows into the solar pond area from

the west.

Discharge from the water table occurs as evapotranspiration and seepage into

creeks, ditches, and the ground-water collection system (French drain system north of

the solar ponds). In addition, ground water is discharged from the surficial ground-

water system into the underlying bedrock ground-water system. Although this

probably occurs to a limited extent throughout the solar pond area, it is more

significant where sandstones of the Arapahoe Fermation subcrop beneath the

saturated surf icial cover.

The surficial ground-water flow system is quite dynamic, with large water

level changes occurring in response to precipitation events and to stream and ditch

flow. Hurr (1976) describes the rapid response of water levels in wells completed in

Rocky Flats Alluvium to surface flows in irrigation ditches.
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There are also seasonal variations in the saturated thicknesses of surficial

materials. Chronological variations in saturated thickness are shown in the

hydrographs found in Appendix B. In general, water level data are available from

September 1986 to April 1988 for the 1986 wells. Data are available from November

1987 to April, 1988 for 1987 wells. In view of the limited amount of data available

for many wells, full analysis of seasonal variations in -saturated thickness is not

possible at this time.

Three wells completed in North Walnut Creek valley fill alluvium (13-86, 15-

86, and 17-86) exhibit a near constant saturated thickness with the greatest saturated

thickness in spring and the least saturated thickness in late summer. Only well 13-86

was dry for part of the year.

The saturated thickness is thin in the Rocky Flats Alluvium and disturbed

ground. Of the ten wells screened in this interval, none has a saturated thickness in

excess of six feet. Four wells have been dry whenever sampled, and three others are

dry part of the year. In general, saturated thicknesses peak between January and

April and then slowly decline for the rest of the year.

5.2.1.2 Ground-water Flow

Ground water flows toward the east and northeast in the solar pond area

through the Rocky Flats Alluvium and disturbed ground. This flow is locally

influenced by topography, the configuration of the top of bedrock (Plate 5-4), and

various water collection systems around the solar ponds.

Ground water entering the solar pond area from the west is controlled by a

bedrock high through the center of the area. Ground water is diverted north around
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this ridge, and much of the area south and east of the Solar Evaporation Ponds is

unsaturated (Plates 5-5 through 5-10). Ground water moves downslope (northward)

from the solar ponds toward North Walnut Creek through thin colluvial materials on

the hillside. Large areas of unsaturated surficial materials also occur on this slope

due to bedrock highs and the French drain system. The area of unsaturated materials

is greatest during dry portions of the year (Plates 5-5 through 5-10).

The French drain system was installed in the hillside north of the Solar

Evaporation Ponds sometime between JUNE 1980 and April 1981. Depths of the

drains range from approximately 1 to 27 feet below ground surface with a typical

depth of 4 to 16 feet (see Rockwell Drawing No. 26637-01 in Appendix 1 of this

closure plan). The seepage intercepted by the French drain system flows by gravity

into the interceptor trench pump house. The amount of pumpage from the pump

house is estimated at four million gallons per year. Not all of this flow is ground-

water seepage from the slope north of the solar ponds. Included is a yet unmeasured

flow from the foundation drains in the 774 Building west of the solar pond area. The

water collected in these foundation drains is piped to the interceptor trench pump

house, where it and the ground water collected by the French drains are currently

pumped to Pond 207-B North.

5.2.1.3 Hydraulic Conductivities

Hydraulic conductivity values were developed for surficial materials from

drawdown-recovery and pump tests performed on 1986 wells. Drawdown-recovery

tests were analyzed using the methods of Bouwer and Rice (1976). Results of these

tests are summarized in Table 5-1. Test data and analyses are presented in Appendix

B.

.
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S TABLE 5-1

RESULTS OF HYDRAULIC CONDUCTIVITY TESTS
OF SURFICIAL MATERIALS

Well	 Formation	
Screened	 Recovery

	

Lithology	 Drawdown

Number	 Test cm/s

17-86	 QVF
	 Gravel	 4.8x10-6

22-86	 QRF
	 Gravel	 8. 7x106

26-86	 Gravel and Sand	 4xl08

.
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The hydraulic conductivity values calculated for surficial materials at the

Solar Evaporation Ponds ranged from 4 X 10 .8 centimeters per second (cm/s) to 9 X

10 .6 cm/s. These values are low with respect to those at other locations at the Plant,

and additional testing is needed to further characterize hydraulic conductivity values

in the vicinity of the solar ponds.

The horizontal ground-water flow velocity for North Walnut Creek valley fill

alluvium is estimated at 1.5 feet/year (ft/yr). This value is based on a hydraulic

conductivity 4.8 X 10-6 cm/sec (4.6 ft/yr), and average horizontal gradient of 0.03,

and an assumed effective porosity of 0.1.

5.2.1.4 Basis for Ground-water Quality Assessment

This section evaluates the impact of the Solar Evaporation Ponds on alluvial

ground water. Because all of the alluvial wells in the solar ponds area are impacted,

the immediate upgradient alluvial wells cannot be used as a basis for characterizing

contamination of alluvial ground water in the vicinity of the solar ponds. Therefore,

alluvial ground water quality in the solar ponds area is evaluated by comparing the

water chemistry to Plant background water chemistry and to ground-water quality

criteria. The justification and interpretation of the background water quality data

are described in the 881 Hillside Remedial Investigation Report, March 1988

(Rockwell International, 1988). Table 5-2 provides the analyte concentration ranges

for background alluvial ground water.

The background alluvial ground-water ranges, as described in the 881 Hillside

Remedial Investigation Report, are only estimates as impacts from upgradient Solid

Waste Management Units have not been statistically ruled out. However, they are
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TABLE 5-2

BACKGROUND ALLUVIAL
GROUND-WATER QUALITY

AND GROUND-WATER QUALITY CRITERIA

Element	 Concentration Ran ge (mg/I)
Proposed
Ground-water
Quality Criteria

S

Below MDA
Below MDA
Below MDA-3.5(.9)
Below MDA
Below MDA-4(.9)
Below MDA
Below MDA
Below 9.3
Below 330

METALS
Aluminum

++ Antimony
+
	

Arsenic
+
	

Barium
++ Beryllium
+
	

Cadmium
Cesium

+
	

Chromium
Cobalt
Copper
Iron

+
	

Lead
Lithium
Manganese
Mercury
Molybdenum

++ Nickel
+
	

Selenium
+
	

Silver
Strontium

++ Thallium
Vanadium
Zinc

RADIONUCLIDES

Gross Alpha
Gross Beta
Uranium 233,234
Uranium-235
Uranium-238
Plutonium 239,240
Americium 241
Strontium 89,90
Tritium

5.0
NA**
0.05
1.0
0.1
0.01
NA
0.05
0.05
1.0
0.3
0.5
2.5
0.05
0.002
0.1
0.2
0.01
0.05
NA
NA
0.1
5.0

15
50
40
40***
40***
40***
4
8
20,000

.060U

.00IU

.047-.190
5U
.005U
.1U
.002U-.027
.05U
.02U-.026

.005U-.05

.O1U-.547

.0002U

.1U

.04U-.08

.005U

.01U
0.02U..20
.002U
.005U-.047
.005U-0.09
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S

.	 (CONTINUED)
BACKGROUND ALLUVIAL

GROUND-WATER QUALITY
AND GROUND-WATER QUALITY CRITERIA

Element	 Concentration Ran ge (mg/1)
Proposed
Ground-water

Back ground	 Ouplity Criteria

MAJOR IONS
Tritium
Calcium
Magnesium
Potassium
Sodium
Bicarbonate
Carbonate
Chloride
Nitrate
Sulfate

Below 330
12-36
2-8
.010-5
8-21
ND-130
ND-l20
.7-19
ND- 1.2
3.5-31

20,000
NA
NA
NA
NA
NA
NA
250
10
250

Total Dissolved
Solids
	

115-269
	

400

.
*	 Plant background water quality conditions (Rockwell International, 1988)
**	 Not available

Total Uranium
+	 SDWA metal
++ Appendix VIII hazardous constituent that is not a SDWA metal

. SOLAR POND CLOSURE CHARACTERIZATION REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO	 1 JULY 1988

	
PAGE 5-16



S

S

adequate to determine areas of potential ground-water contamination. Background

alluvial ground-water chemistry will be reevaluated by additional well installation

and ground-water sampling during 1988 field investigations.

The assessment provided here is qualitative in nature, its purpose being the

identification of obvious impacts of the solar ponds on ground-water quality. The

reader is referred to Section E of the Post Closure Care Permit Application for a

discussion of proposed monitoring to achieve compliance with 40 CFR Subpart F.

Although the current monitoring program at the landfill was not designed specifically

to satisfy RCRA requirements, many of the analytes measured are those required for

routine monitoring under 265.92(b) and assessment monitoring under 265.93(a).

Parameters for routine monitoring included in the monitoring program are the Safe

Drinking Water Act (SDWA) metals, chloride, iron, manganese, sodium, sulfate, pH,

and specific conductance. Assessment monitoring parameters are Appendix VIII

hazardous waste constituents expected in the unit. Many of the HSL volatiles are

Appendix VIII hazardous waste constituents that could have been disposed of and

released from the solar ponds. The radionuclides, although not Appendix VIII

hazardous waste constituents, have been analyzed because they are constituents of the

waste disposed at the solar ponds. Other parameters analyzed are for general

inorganic characterization of the ground water.

A ground-water protection standard is not defined for interim status regulated

units under 40 CFR 265; however, regulations at 40 CFR 264 Subpart F have been

used as a framework to examine the ground-water quality at the solar ponds. The

ground-water protection standard defined at 40 CFR 264.94 specifies background

levels for hazardous constituents or SDWA drinking water standards for the SDWA

metals (which are also hazardous constituents). The SDWA drinking water standards,
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as well as standards for other metals, inorganics, and radionuclides which are not

hazardous constituents are shown in Table 5-4. The concentrations for major ions and

non-SDWA metals are the Colorado Department of Health (CDH) ground-water

standards for protection of human health (or protection of agriculture if human

health standards are not available). The plutonium and americium concentrations are

proposed drinking water standards (51 FR 34859). The uranium concentration is a

CDH surface water standard [5 CCR 1002-8, Section 3.8.5(3)]. All other radionuclide

standards are SDWA maximum contaminant levels. These analyte concentrations have

been termed ground-water quality criteria and are used to preliminarily assess the

public health significance of the ground-water quality.

This evaluation is based on solar pond alluvial ground-water data collected

since 1986. The 1986 wells have six quarters of analytical results (the last quarter of

1986, four quarters of 1987, and the first quarter of 1988). Wells completed in 1987

have first quarter, 1988 analytical data only. Table 5-3 lists the analyses performed

on ground-water samples, and Table 5-4 summarizes the availability of ground-water

quality data used in this report. Tables 5-5, 5-6, and 5-7 compare solar pond ground-

water analytical data to background concentrations. Only wells with ground-water

concentrations exceeding background are listed in the comparison tables. All

analytical data are presented in Appendix C.

During the 1986 drilling program, twelve alluvial wells were installed in the

vicinity of the solar ponds to monitor ground-water chemical conditions. Six alluvial

wells were placed downgradient of the solar pond area in the North Walnut Creek

drainage (11-86, 12-86, 13-86, 15-86, 17-86, and 18-86). Two wells (35-86 and 36-86)

were installed in the Valley Fill Alluvium of South Walnut Creek. Seven additional
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TABLE 5-3

GROUND-WATER AND SURFACE WATER SAMPLING PARAMETERS

FIELD PARAMETERS
pH
Specific Conductance
Temperature	 *
Dissolved Oxygen

INDICATORS
Total Dissolved Solids *
Total Suspended Solids

**
METALS
Hazardous Substances List - Metals
Molybdenum
Strontium
Chromium (hexavalent)
Lithium

ANIONS
Carbonate
Bicarbonate
Chloride
Sulfate
Nitrate

ORGANICS
Hazardous Substances List - Volatiles
Oil and Grease

RADIONUCLIDES
Gross Alpha
Gross Beta
Uranium 233, 234, 235, and 238
Americium 241
Plutonium 239
Strontium 90
Cesium 137
Tritium

101
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TABLE 5-3

(CONTINUED)
GROUND-WATER AND SURFACE WATER SAMPLING PARAMETERS

(CONTINUED)

* For surface water samples only
** Dissolved metals for ground-water samples, total and dissolved metals for surface
water samples

Ground-water samples from the first, second, and third quarters of 1987, and all
surface water samples were analyzed by the Rockwell 881 Laboratory for only 9 of
the HSL volatiles. These volatiles are the chlorinated solvents historically detected in
the ground water and are as follows: PCE, TCE, l,l-DCE, 1,2-DCA, t-1,2-DCE, 1,1,1-
TCA, 1,1,2-TCA, CC1 4 and CHC1 3. Ground-water samples from fourth quarter 1987
and first quarter 1988 were analyzed for HSL volatiles with the exception of 2-
chloroethylvinyl ether.

.
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1.10	 656	 13.8

	

1.00	 941	 15.0

6.90	 0200	 13.0

1.00	 0200	 13.0

6.60	 1480	 11.0

6.60	 - 1551	 II 6

6.40	 76)5	 IS S

7.20	 liSt	 1.1

6.80	 116	 6.9

6.6?	 11800	 14.5

120	 7090	 110

6.00	 3690	 10.8

6.90	 4210	 Ii 0

6.90	 4060	 9.1

6.60	 5,110	 58

8601049046

0181681-0)2

0287-881-035

0387-081-061

00,09-030006

8609-030-016

0181-881-063

0281-881-031

0381-881-066

0081 881-121

0281-081-083

0387-881061

0168-081038

8609025006

8609025-016

0187-081-060

0287 881-040

0381-881-069

No Simple

0181-881- 052

0188-881- 023

8609-065-006
8609-065-016

0187-881-06I

0281-881-042

0381-881010

0487-081-053

0108-081-075

No Sale

No 
Simple

No Sale

Na 03k/c

8601010000

8609-040-002

No Saile

No SoKiIe

No Sale

No SaiIe

No 5oIe

No 
Simple

No S*I!
Co OaK/C

8601-034 001

8609-031-002

No Sample

No Simple

No lakie

No 50K/c

No 0ale

No Simple

8609-068-CC?

8609-068-001

Co Sample

No SIKIe

tin San le

No Simple

No Sale

.

	

.

Table 5-4

SUlAlt l'UNI)S Alit/V I Al. WliI.S

iilttIlNIi wA1:lo SAMi'l.F I NE(IIIHAi I tiN

0
tv

11

CAME ipo00i1180

8/IR	 Doll_.	 TTPI

	

0486	 000	 08128186

	

0186	 (0!	 08110187

	

1186	 G118601860	 09118/86	 Rwtir.e

	

1186	 1186050487	 05/04/87	 Routine

	

1186	 11 86-06-08-81	 06/08/87	 Routine

	

1106	 11-860731-81	 07/31/81	 Routine

	

286	 6128609860	 09111/86	 Routine

	

1286	 6128609862	 09111/06	 held Duplicate

	

1286	 12-86-04-73-81	 04123181	 Routine

	

1286	 l2-8606-10-B1	 06/10/81	 Routine

	

1286	 1286-08-04-87	 08104/87	 Routine

	

1286	 12-860-08-0481	 0810418 1	F ield Duplicate

	

1386	 080	 09/03186

	386	 13-86-04-23-87	 04/23/81	 Routine

	

1386	 1386-86-11-87	 06/11181	 Routine

	

1386	 13-86-08-04-81	 08/04187	 Routine

	

1386	 11-86-03l4'88	 03/14188	 Routine

	

1586	 6158609860	 09/09/86	 Routine

	

1586	 615860986?	 09/09/86	 Field Duplicate

	

1586	 i5-86-04-2787	 04/72181	 Routine

	

1586	 15-86-06-10-87	 06/10/81	 Routine

	

1586	 15-86-08-06-81	 08/06187	 Routine

	

1586	 1-860-08-068i	 08106181	 Field Duplicate

	

1586	 15-86-12-08-87	 12/08/87	 Routine

	

1580,	 1586-03-14-88	 03/14/88	 Routine

	

1786	 611860q860	 09/75/86	 Routine

	

1786	 6178609862	 09/25186	 Field Duplicate

	

1186	 11-96-042? 81	 04172/81	 Routine

	

liSt	 17-86-0610 81	 06/10/8?	 Routine

	

1786	 1186 09 06-81	 08/06/81	 Routine

	

1186	 11-86-12-08-81	 12/08/81	 Routine

	

786	 17-86-03-14 80	 03/14/88	 Routine

	

1686	 (00	 09/03186

	

1886	 (81	 08105/81

	

1880	 000

	

2006	 14!!	 01/11/06

	

7086	 00!	 09121181

	

2001	 (00	 03116188

10

0



.	 .	 .

Pa c
OC
C)

C

C

00

o
ot

oS

Table 5-4 (contd.)
-iI.AR IoNI)S AII.IJV I Al, wi:i,i.s

i;IeiiIiNIi w,'Ii-:le SnD1lI.I	 I NFIiIO(1IAl' 1 4 JN

I-.

1. .1 1 	 IS

1.53	 2200	 10.0

i.80	 1458	 19.1

In)	 2U06	 20 n

100	 1400	 12.0

6.90	 IntRO	 it 8

690	 11240	 21.?

1.40	 10770	 5.1

-)JH9t INF0RPlJOIl

	

#0*10	 NI4[R	 [All	 UK

	

1181	 DR,	 10129/81

	

16u	 u8O98c,0	 09/0910	 Routine

	

2206	 C228t098t,2	 09/19/86	 Fielo 0u)Iirte

	

2'26	 22-8o-!:1 81	 03/21181	 Routine

	2286	 22 06-06 2181	 06/24181	 Routine

	

2286	 2286-0878-81	 08128/81	 Routine

	

2206	 22-060-08-28-81	 08128;81	 held (hiplicile

	2286	 22 06-121831	 12/18181	 Routine

	

2186	 22-86-03-16 88	 03/16188	 Routine

	

2406	 801	 09.0106

	

2406	 ['Di	 09124181

	

2406	 (104	 03/16/88

	

lt&	 6.2oOi.090t0	 01110,Os	 Routine

	

?s06	 26-06-03-18-8)	 03,18181	 Routine

	

1686	 16'Oi-08'28'8)	 08)28181	 Routine

	

29t	 DR	 03/16188

	

:&	 s.,iic'))btO	 .'1di0.	 Doul ISO

	2886	 le-&03-1981	 03/19181	 Routine

	

2886	 2886062481	 06/24/81	 Routine

	

2886	 28-86-09-08-81	 09/08181	 Routine

	

2886	 78 0603-1688	 03/1088	 Routine

	

2986	 (-01	 09111106

	

2986	 (1111	 09124/81

	

2986	 (101	 03!16/88

	

181	 11-81-01,'	 08	 0311t188	 Routine

	

ISO?	 ('RI

	

'i01	 1--6? 03-i t -88	 3?/lc/88	 Routine

tAboO/bAT 801(8 i1iJl1btOi

iJiAlilt	 (Rl-V86	 PESIICILtI	 80010-

ORLRMICS	 888001(5	 RH!' PC85	 r11105	 14888001(5

8609 nl-CfrJo	 8601 0 1 1 w 
	

dc/I -..'

	
8609 051-001
	

3609-051-008
	

I/Ut) 000'c!

8609051-012	 8609051
	

8609-051 008
	

8609-051-022
	

8609-051-021
	

1000 000-269

0I41-581-033	 No simple
	

No Simple
	

0187-881 033
	

0181-881-034
	

ote latOlt

0287-881-010	 No Sample
	

No Sd1)Ie
	

0281-881-010
	

0281- 88!- 010
	

0281-88! 070

0381-881-103	 No Sample
	

No 5a1)ite
	

0381-881-112
	

0381-881101
	

0381-881-088

No Sample	 No SaspIe
	

No 
simple	

0381-881-113
	

No Snao,e
	

No Simple

0401-881-Uk	 No Saw le
	

No Sample
	

0481-881-861
	

0481-881-863
	

0401-881-01 4

Insufficient ',,ample	 No Sample
	

He Sjoni
	

0108881-026
	

0188881 -026
	

0188' 881026

8609-049-00n
	

9C OJipie
	

no Sample
	

0609-041-001	 8609-049-008	 Insufficient SaVle

0181 981-022
	

No Sample
	

No Sample
	

0181-881-022	 0181-881-0111	 0181-881-022

0381 881-105
	

140 Samp le
	

No Simple
	

0381-881-115	 0381-881-109	 0381-881-090

8609o9 015
	

NO Simp le
	

No ^Aple
	

Insufficient Simple	 Insufficient Simple	 Insufficient ,ample

0181-881-028
	

No Samp le
	

No Sample
	

0181-881-028	 0181-881-028	 0181-881 -028

0281-881 -Ct?
	

No Samp le
	

No Sale
	

0281-881-061	 0281-881-013	 0281-881-061

0381-881-108
	

No Sam le
	

No Sample
	

Insufficient Sale	 0381881-125	 Insufficient 53141!

0180881-029
	

No Sa
m
ple
	

NO simple
	

0188-881-029	 0188-881-029	 0188-881-079

	

0000001-039	 No Seple	 53 Seple	 Insufficient Sample	 Iosutticiei,t .uipIe	 Insufficient Simple

	

0160 1/1,40	 Io Ijtle	 tic Simple	 Insufficient Sample	 Insufficient 'ample	 Insultirient Sample

I [It

	011(1,11	 [1*

LQ.	 ooLcaI	 iooaLt

	

:02	 Ii 0

n.cO	 '10	 Or

1.50	 bIt	 11.3

1.20	 8?c

2.-JO	 812	 ci

1,33	 821	 5 4

0

r



.	 ..
Table 5-4 (contd.)

SOLAR PONDS BEDROCK WELLS

(il0()IINI) WATER SAMPLE I NF(IUMAI I UN

'V

0
t!j

T
Ca

I..

(0
00
00

0a

'V

SNU'l( IKF88?IltIl

IIELL

KNE R 	 H18	 DA
T

E	 TYPE

1486	 6148609860	 00/18/86	 Routine

1486	 6I48609862	 09/18/86	 Field Duplicate
486	 14-86-04-16-81	 04/16187	 Routine

1486	 14-86-0-4-16-87	 04/16/87	 Field Duplicate
1486	 14-86-06-10-81	 06110/81	 Routine

1486	 14-86-08-05-8?	 08/05/81	 Routine
1486	 14-86-12-08-87	 12108181	 Routine
1406	 11-06-03-14-88	 03/14/88	 Routine

1600.	6168609860	 09/10/86	 Routine
1686	 16-86-04-2281	 04122181	 Routine

1686	 t6-86-06-I0-87	 06110161	 Routine

1686	 1686-08-01-8?	 08/01/87	 Routine

1686	 16-86-12-11-87	 12111/81	 Routine

1686	 16-06-03-14-88	 03/11198	 Routine

2386	 6238611860	 11125/06	 Routine

2186	 23-86-03-18-87	 03/18/87	 Routine

2380	 23-86-06-24-87	 06124/61	 Routine

2386	 23-86-09-23-81	 09/23/87	 Routine

2386	 21-86-01-15-88	 01/15/88	 Routine
2386	 23-86-03-21-68	 03/21/88	 Routine

2586	 6258611860	 11/01/06	 Routine

2586	 28-86-03-18-8I	 03/10/87	 Routine

2566	 25-86-06-24 01	 06/24187	 Routine

2586	 25-86-08-2881	 08/28/07	 Routine

2586	 25-86-01-15-88	 01/15/88	 Routine

2586	 15-860-01-15-89 	 01/15/88	 Field Duplicate
2586	 25-86-03-21-88	 03/21/88	 Routine

2186	 6218611860	 11/01/86	 Routine
2786	 21-86-03-19-87	 03/19/87	 Routine
2786	 27-36-04- 1581	 01/15/87	 Routine

2766	 27-8606-248?	 06/24/87	 Routine

2186	 27-86-09-23-87	 09123187	 Routine

2186	 2186-1216-81	 12/16/81	 Routine
2186	 21-86-03-21-88	 03/21/88	 Routine

3086	 6308609860	 09/19/06	 Routine

3086	 30-860323 87	 03/23/81	 Routine
3006	 10-86-04-15-87	 04/15/61	 Routine
3086	 30-86-06-2187	 06/21/81	 Routine

3086	 30-86 09-21-81	 09/24187	 Routine

3086	 30-86-01-15-88	 01/15188	 Routine

3086	 30 860-01-Ic-00	 l!l6J88	 Field Duplicate

LA8880108f BATCH CL8RS

VOLATILE	 SEMI-OIl	 PSIICI0(S	 00810-
8660NICS	 C8G08JCS	 080 PCO5	 If LaS	 INORGANICS	 CHEMISTRY

8609-049-026	 9609-052-001	 8609-052-003	 8609-049-027	 8609-049-028	 1000-000-251 -
8609-049-036	 No sample	 No Sim

p
le	 8609-049031	 8609-049-030	 1000-000-253

0181-881-059	 Co Samp le	 No Sample	 0101-801-057	 0187-881-061	 0101-881-061
0181-881119	 Co Sam

p
le	 No Sample	 Cu Sample	 No Sam

p
le	 Co Sample

0201-081-039	 No Samp le	 Cu Sample	 0281-881-039	 0281-881-012	 0281-881 -01-1
0387881-068	 No Sample	 Co Sample	 0381-891-074	 0387881-013	 0387881-049
0187881051	 No Sample	 No Sample	 0481-881-038	 0487181-037	 0481881-045
0108881 022	 No Saote	 No Sample	 0188-881072	 0190-881-022	 0189-881022

809-047 041	 No Saoole	 No Sample	 0609 040-042	 8609 019-043	 1390 000257
0187-881-067	 No Sample	 Co Sample	 0181-881-062	 0187-881-063	 0181-881-063
0281-881-011	 No Sample	 Cu Sample	 0281-881-011	 0293-881-044	 0281-881 -011
0381-881-073	 No Sample	 No Sample	 0387-881-080	 0387-881-019	 0381-881-058
0181-681-073	 No Sample	 No Sample	 0181-881-063	 0181-881-061	 0181-881-061
0186-881-021	 Co Sample	 No Samp le	 0168-881-024	 0188-881-021	 0168-901-021

8612-00206!	 No Simile	 No Simple	 Insufficient Sample 	 Insufficient Sample 	 Insufficient Sample
0187-861-I11	 No Sample	 No Samp le	 Insufficient Sample	 0181-881-072	 Insufficient Sample
0281-881-089	 No Sam

p
le	 No Sample	 Insufficient Sample 	 Insufficient Sample	 Insufficient Sample

0381-881-121	 No Samp le	 Cu Sample	 Insufficient Sample	 Insufficient Sam
p

le	 Insufficient Sample
0481-081-099	 No Sample	 Co Sample	 0481-881-119	 0487181-077	 0181-881-019
0188-881-031	 No Samp le	 Co Sample	 0188-881-03	 0188-081-031	 0188-881-031

8611-014-031	 No Simp le	 No Sumpin	 8611-014-032	 Insufficient Sample	 Insufficient Sample
0187-861-021	 No Sample	 No Samp le	 0187-881-021	 0187-881-023	 0181-881-021
0287-881-066	 No Samp le	 Cu Sample	 0281-881-066	 3281-881-071	 0287-881-060
0381-881-104	 Co Sam

p
le	 No Sample	 0381-881-114	 0387-881-108	 0381-881-089

0487-881-100	 Co Sample	 No Samp le	 0181-881-120	 0487-881-078	 0487-081-080
No Sample	 Co Sample	 Co Sample	 0181-861-I21	 0481-081-082	 0481-881-081
0188-691-033	 No Sample	 Co Sample	 0188-881-033	 0188-881-033	 0188-881-033

O0I-014-036	 Co Sample	 Co Sample	 Insufficient Samp le	 Insufficient Samnt p	Insufficient 
Sam 

le
0187-881-026	 No Samp le	 Co Sam

p
le	 0187-881-026	 0181-081-021	 0187-881-026

0187-881-056	 No Sample	 Cu Sample	 018-861-05s	 0187-881-058	 0181-881-058
0287-861-071	 Cu Samp le	 Co Sample	 0287-881-071	 0281-081-071	 0281-881-071

0387-881-119	 No Sample	 No Simple	 0381-881-121	 0381-881-120

0187-881-069	 Co Samp le	 No Sample	 0481881-057	 0187-081-055	 0181-681-059

0188-881-034	 Cu Sam
p

le	 No Sample	 0198-881-031	 - 0188-081-034	 0180-881-031

8609-051-016	 No Sim
p

le	 No Samp le	 0i09-051 017	 8609-051-018	 Irsutlicient Sample

0187 881-030	 No Sanpie	 No Sample	 0181 881 030	 0187-881-0111	 0187-881-030

0167-861-055	 Co Samp le	 No Sam
p

le	 0187-881-055	 0187-881 CII	 0187-881-057
0287-881 -078	 Co Samp le	 No Samp le	 0281-881-078	 0281-881-014	 0287-081 -010

0387-881-123	 Co Sample	 Cu Sample	 0387-881-129	 0387-881-122	 0381-881-105

0487-881-101	 Cu Samp le	 He Samp le	 0187-681-122	 0487-881-01	 0487 991-002

Co Simple	 No Samp le	 No Samp le	 0197-081-123	 Cu Samp le	 No Sample

FIELD P08N1FRS

c0810x1 IUP

	

VL	 ) IsiL

7.50	 1200	 110
190	 1110	 12.0

7.30	 1610	 15.0
7.30	 1670	 15.0

6.20	 162B	 13.5

1.30	 196	 15.4
7.40	 1814	 9.3
7.10	 2000	 0.1

	1.20 	 6020	 12.0

	

6.90	 1440	 11.0

	

6.10	 2390	 116

	

1.20	 2070	 II.?

	

1.20	 2010	 10.0

	

7.10	 2180	 10.1

	

7.50	 1750	 130

	

7.90	 1250	 15.0

	

7.10	 1533	 14.5

	

1.60	 1452	 14.9

	

7.20	 2050	 12.6

	

ISO	 1528	 14.3

	

1.20	 1100	 11.0

	

7.00	 . 2200	 12.0

	

6.90	 2810	 11.1

	

7.10	 2540	 13.7

	

7.10	 3010	 10.6

	

6.10	 2650	 11.9

	

8.60	 1450	 11.5

	

8.50	 1200	 110

	

7.90	 1350	 IS 0

	

1.80	 1214	 13.3

	

1.30	 1249	 13.6

	

6.90	 1268	 9.7

	

1.30	 1410	 H.5

	

sOS	 14000	 12.5

	

6.10	 1100	 6.0

	

1.30	 4100	 12.0

	

6.50	 1200	 14.9

	

1.30	 12180	 16.8

	

6.90	 24200	 1.3



8611-014041

0181-881-031

0I87-881-054

0281-8810)2

0381-801-120

0481-881-010

0188-881-035

0188-881-021

8611-014-042

018) -801-031

0I8I-881-054

0281-881-013

0381-801-126

018) 881-058

0188-881-035

0189-881-021

801- 014 043

0181881-032

0181-881-056

0287-881-030

0381 881 119

0187-881-056

0188-881-035

0188-081027

1800-000-211

0181-88I-031

0187-881-056

0287 881-073

0381-881 I/o

0187881 -060

0188-881-035

0188-881- 021

	8.30
	

250
	

12.0

	

6.80
	

950
	

10.0

	

1.50
	

920
	

4 0

	

1.60
	

813
	

126

	

1.60
	

816
	

[4.0

	

8.90
	

928
	

101

	

1.70
	

890
	

13.6

	

1.80
	

10.1

No SarIe
	

No Sample

No Sample
	

No Sale

No Sample
	

No Sample

No Sample
	

No Sample

No Samp
	

No Sample

No Sample
	

No Sample

No Sample
	

No Sample

NO Sio!e
	

Ho S3pIe

.	 .	 .

Table 5-4 (contd.)
SOLAR tONI)S IIEDIOOCK WELLS

(3110I1N1) WAlER SAMI'I.E I NI- IIMA'l I ( N

CA

04
0.

tI

o

I.

0

SA0I I INFORMATION

WELL

N18810	 HIftER	 ['011	 TYPE

5CA	 30-86-03-lb 99	 03116/88	 Routine

3186	 DRY	 09/12/86

3186	 DRY	 09/24/81

3186	 DRY	 03/16/88

3286	 6328611860	 11101186	 Routine

3286	 32-86-03-238)	 03/23/87	 Routine

3286	 32-86-04-I5-81	 04/I51117	 Routine

3286	 32-8606-2981	 06/29/87	 Routine

3286	 32-8609-23 81	 09/23/81	 Routine

3286	 3286-I? [691	 12/16/87	 Routine

3786	 3286-032188	 03/21/88	 Routine

3981	 39010316-88	 03/16/88	 Routine

	

jIttP PARAIUIRS	 t80CIl4TCHi 8AT1HHRY8[RS

	

CONDLIC 	 1180	 VIAlILE	 SEMI-HI	 PESTICIDES	 R(I0-

P_	 thQ1L') ( deg 	 DRGI(S	 ORGANICS	 AND PCB'S	 ME fAtS	 IHDR680ICS	 CHEMISTRY

6.10	 9220	 6.2	 0189-881-032	 No 
Sample	

NO SmoIe	 0188-881-032	 0l88881-032	 0188 081-032

"a

"a

C)

r
S.)



.	 .	 S
TABLE 5-5

METALS CONCENTRATIONS ABOVE BACKGROUND IN ALLUVIAL WELLS (mg/ 1)

WeLL No.	 Date	 Ba	 Ca	 Hg	 K	 Mg	 Mn	 No	 Na	 Ni	 Sb	 Se	 Sr	 Th	 Zn
Background SampLed (0.190)	 (36)	 (0.0002)	 (5)	 (25)	 (0.547)	 (0.1)	 (21)	 (0.07) (0.060) (0.005) (0.20) (0.01) (0.09)

15-86	 09/09/86	 -	 324.0	 -	 61.5	 -	 0.190	 88.0	 -	 .	 -	 1.70	 0.024	 -

	

04/22/87	 0.2264	 193.892	 -	 49.7915	 -	 -	 126.0598	 -	 .	 -	 1.4422	 0.024

	

06/10/87	 0.2386	 202.2351	 -	 43.7932	 -	 -	 117.9158	 -	 .	 .	 1.4210

	

08/06/87	 0.2849	 193.4261	 -	 -	 43.1885	 -	 -	 122.0968	 -	 -	 -	 1.3845	 -	 -

	

03/14/88	 0.4361	 301.1928	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -

17-86	 09/25/86	 -	 193.0	 -	 8.0	 142.0	 -	 -	 322.0	 -	 -	 -	 3.950	 0.120	 -

	

04/22/87	 0.1933	 391.9108	 -	 -	 129.1388	 .	 -	 299.9212	 -	 -	 -	 3.2177	 -	 -

	

06/10/87	 0.3333	 430.7377	 -	 -	 131.4248	 .	 -	 219.4704	 -	 -	 0.150	 3.6146	 -	 0.957

	

08/06/87	 0.2893	 498.0135	 -	 51	 162.2504	 -	 -	 263.3607	 -	 -	 0.18	 4.5343	 -

	

12/08/87	 0.2634	 574.3088	 -	 -	 162.5240	 -	 -	 265.8579	 -	 -	 5.0306

	

03/16/88	 0.3887	 826.6744	 -	 253.8005	 -	 -	 369.0358	 -	 -	 0.29	 7.6571

22-86	 09/09/86	 -	 57.0	 0.00067	 -	 9.180	 -	 -	 99.7	 -	 0.062	 0.0076	 0.320	 -	 -

	

03/24/87	 -	 41.9695	 -	 6.0	 -	 -	 -	 185.2432	 0.1097	 -	 0.2594

	

06/24/87	 0.1908	 53.8322	 -	 8.2	 -	 -	 -	 145.6882	 0.1054	 -	 -	 0.2941	 -	 -

	

08/28/87	 0.2045	 50.3961	 10.6	 9.7533	 -	 -	 129.0079	 0.0938	 -	 -	 0.3537	 -

	

12/18/87	 0.1972	 49.3018	 6.7	 10.2115	 -	 -	 79.2068	 0.1973	 -	 -	 0.4488	 -	 -

	

03/16/87	 -	 63.0093	 -	 9.0908	 -	 -	 87.0659	 0.1695	 -	 -	 0.3745	 -	 -

26-86	 09/18/86	 -	 97.0	 0.00026	 -	 106.0	 -	 -	 388.0	 -	 -	 2.130	 0.044	 -

	

03/18/87	 -	 82.9436	 -	 -	 109.4108	 -	 -	 368.0944	 -	 -	 -	 2.435	 -

	

08/28/87	 -	 79.8956	 -	 -	 127.7899	 -	 -	 296.0713	 -	 -	 0.18	 2.5126	 -	 -

28-86	 03/19/87	 -	 348.9810	 -	 260.0	 84.911	 -	 -	 1211.5603	 0.087	 -	 -	 2.7577	 -	 -

	

06/27/87	 -	 812.6987	 0.0003	 250	 243.2086	 1.7085	 -	 2535.8950	 0.2854	 -	 -	 6.1852	 -

	

03/16/88	 -	 479.1007	 -	 -	 151.2661	 1.2420	 -	 19009309	 0.1512	 -	 -	 4.4360	 -



.

TABLE 5-6

INORGANIC RESULTS CONCENTRATIONS ABOVE BACKGROUND
IN ALLUVIAL WELLS (mg/1)

.

Date	 Nitrate

Well No.	 Sampled	 Chloride	 Nitrite/Nitrogen	 SuLfateHCO.	 Cyanide-	 lOS
Background	 (20)	 (1.5)	 (31)	 (130	 (ND)	 (ND)

13-86	 04/23/87	 86.0	 1-	 490	 417	 1137

15-86	 09/09/86	 63	 NR	 170	 HR	 0.040	 1000
04/22/87	 81	 28.0	 204	 409	 -	 1125
06/10/87	 80.2	 120	 175	 371	 -	 1153
08/06/87	 87.9	 54	 195	 398	 -	 1117
12/08/87	 74.9	 34.5	 142	 34.5	 -	 996
03/14/88	 76.3	 44.0	 125	 44	 -	 1022

22-86	 09/09/86	 37	 NR	 75	 -	 750
03/24/87	 47.0	 6.80	 81.0	 231	 -	 577
06/24/87	 48.1	 2.30	 60.5	 317	 -	 477
08/28/87	 40.4	 -	 59.0	 335	 -	 533
12/18/87	 28.5	 1.32	 70.0	 308	 -	 478
03/16/88	 43.6	 2.74	 42.0	 170	 -	 477

26-86	 09/18/86	 77	 NR	 500	 NR	 -	 1800
03/18/87	 67.7	 88	 390	 682	 -	 1814
08/28/87	 59.7	 79	 375	 650	 -	 1760

28-86	 03/19/87	 259	 1120	 0	 381	 -	 9033
06/24/87	 40.1	 2200	 390	 636	 -	 16776
03/16/88	 336	 1670	 335	 314	 -	 12052

17-86	 09/25/86	 140	 NR	 290	 HR	 -	 3900
04/22/87	 97	 145	 208	 322	 1324
06/10/87	 105	 305	 270	 333	 -	 2796
08/06/87	 12	 465	 290	 296	 -	 3929
12/08/87	 123	 516	 282	 274	 -	 1906
03/14/88	 130	 540	 240	 146	 -	 4392

I*
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TABLE 5-7

.

	

	 RADIONUCLIDE CONCENTRATIONS ABOVE
BACKGROUND IN ALLUVIAL WELLS

(pci/i)

Date
WeLl. NO.	 SampLed	

U 233+234	 235	 238	 239+240	 241 U	 U	 Pu	 Am	 H3

Background	 (3.5(0.9))	 ND	 (5.5(2.1))	 ND	 ND	 ND

15-86

17-86

22-86

• 26-86

28-86

09/09/86
04/22/87
08/06/87
12/08/87
03/14/88

09/25/86
04/22/87
06/10/87

08/06/87
12/08/87
03/14/88

09/09/86
03/24/87
06/24/87

08/28/87
12/18/87
03/16/87

03/18/87
08/28/87

03/19/87
06/24/87

03/16/88

24(2)	 HR

24(4)	 2.1(1.0)

	

16.1(2.6)	 0.9(0.5)
17(2)	 0.99(0.28)
18(1)	 0.69(0.14)

33(1)	 HR
26(5)	 1.3(1.0)
3.7(1.2)	 -
24.8(4.4) 0.9(0.7)
23(3)	 1.3(0.4)

28(2)	 1.2(0.2)

24(3)	 NR
9.2(2.4)	 -
9.1(18)	 -
5.8(1.9) 0.6(0.5)
5.6(0.5) 0.12(0.06)
6.3(0.6) 0.21(0.010)

32(6)	 4.5(117)
34.2(4.8)	 1.3(0.7)

211(25)	 7.7(2.6)

	

1000(300)	 47(15)

320(20)	 12(1)

24(2)
19(3)
11(1.9)
13(2)
14(1)

27(1)
25(4)

20.9(4.0)
21(3)
15(1)

21(3)
4.3(1.9)
6.0(1.4)
7.5(2.0)

31.2(1.0)

142(20)
75 0(200)
220(20)

0.95(0.39)

4.6(2.3)

I

- 0.28(0.22)*

- 240(100)

- 0.69(0.24)*

-	 380

- 730(100)
- 700(100)

- (0.58/0.23)*
-	 230

- 723(318)

- 260(80)
- 340(100)

-	 1300
- 1352(343)

-	 6300

-	 12000

- 9000(300)

* C ) Denotes two standard deviation counting error

. 
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alluvial wells were placed around and adjacent to the solar ponds (20-86, 22-86, 24-86,

26-86, 28-86, 29-86, and 33-86).

In 1987, additional wells were installed to characterize the solar ponds area.

Two alluvial wells were placed south of the solar ponds to monitor ground-water

Quality (56-87 and 38-87) in this area. Another well (37-87) was installed immediately

east of the southernmost ponds (207B) and well 21-87 is located southeast of the

ponds.

Eight alluvial wells were dry during the sampling efforts. Therefore, no

analytical data are available for wells 20-86, 24-86, 29-86, 18-86, 31-86, 33-86, 21-87,

and 38-87.

5.2.1.5 Alluvial Ground-water Chemistry

Overview

The alluvial ground-water system in the Solar Ponds area can be divided into

five areas. The first area Consists of the ground water at the upgradient wells, 22-86

and 56-87. The second area is the ground water at the alluvial well to the south of

the solar ponds, 26-86. Alluvial ground water to the north at well 28-86 and the

shallow unconfined bedrock well 30-86 compose the third area. The fourth area of

wells is located downgradient along North Walnut Creek and includes wells 17-86, 15-

86, and 13-86. The fifth area is further downgradient along the North Walnut Creek

drainage at wells 12-86 and 11-86.
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Uogradient Alluvial Ground-water Quality

Wells 56-87 and 22-86 contain contaminants which do not reflect the

composition of the solar pond liquids or sludge. The pond sludge and liquids are

characterized by high concentrations of nitrate, radionuclides, chromium (total),

copper, potassium, sodium, nickel, arsenic, magnesium and zinc (discussed in Section

4.0, Tables 4-1 and 4-2). Volatiles were rarely detected in solar pond liquids and

sludge. Ground water at well 22-86, located to the south of Pond 207-C and in the

location of an original/buried solar evaporation pond is characterized by the

consistent presence of chloroform (CHCI 3 ), carbon tetrachloride (CC1 4), and

trichloroethene (TCE), and the occasional presence of 1,1,1-trichloroethane (1,1,1-

TCA) and 1,2-dichloroethane (1,2-DCA). Detected concentrations are generally in the

hundred to thousands ppb range. In addition to high concentrations of volatiles in

the 22-86 ground-water samples, only sodium, sulfate, and bicarbonate significantly

exceeded background values. This is in contrast to the ground-water quality north

and east of the ponds, where other major ions, strontium, uranium, and nitrate are

also significantly elevated. Also, plutonium is above background only at this well.

Aside from the presence of organics, only total dissolved solids (TDS) exceeds the

proposed ground-water quality criterion. The concentrations and types of

contaminants from well 22-86 indicate that another source, possibly the original solar

ponds, have impacted the ground water at this well.

Prior to installation of well 56-87, located east of Building 779, borehole

samples were collected from SP16-87 to evaluate the soils within the screened interval.

The borehole samples are discussed in detail in Section 4. In general, the soils are

uniquely characterized by high concentrations of thallium, cadmium, antimony and
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beryllium. Except for cadmium, the solar ponds do not contain these metals. Ground

water collected from well 56-87 also contained volatile organic compounds,

specifically CHC1 3, 1,1,1-TCA, and TCE. Data do not exist for metals, major ions,

and radionuclides. The presence of these organic compounds in ground water and the

high concentrations of metals in the soils also suggest that a separate source of

contamination has impacted ground water at well 56-87.

Well 24-86 is completed in Rocky Flats Alluvium from 2.95 to 7.45 feet in

depth. This well, located to the south of Building 779 and southwest of Pond 207-A,

has always been dry.

Ground-water Quality South of the Ponds

South of Ponds 207-A and 207-B South is the alluvial well 26-86. Well 26-86 is

screened from 3.75 to 11.0 feet in the artificial fill associated with construction and

regrading of the ponds. The samples collected in September, 1986 and March, 1987

contain 6 and 8 microgram per liter (mg/1) of TCE. Well 26-86 also contains above

background concentrations of calcium, mercury, magnesium, sodium, selenium,

strontium, thallium, chloride, nitrate, sulfate, bicarbonate and radionuclides. Of

these analytes, magnesium, strontium, nitrate, and sulfate were an order of magnitude

higher in concentration than observed for ground water at well 22-86. Sodium was at

twice the concentration. However, compared to ground water at downgradient wells

to the north and east, the concentrations of these metals and inorganics are

significantly less.. The potentiometric surface maps suggest that ground-water flow

extends both to the north, and east from the ponds in the area of the solar ponds,

with little or no flow to the south. It would appear the small flow component to the

south travels through some portion of Pond 207-A leakage and in so doing picks up
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some contamination. Uranium, sulfate, nitrate, and TDS concentrations all exceed the

proposed ground-water quality criteria at well 26-86.

Ground-water Qualit y of Wells to East and North

Second only to ground water at well 30-86, alluvial well 28-86, located to the

east of Pond 207-B North, contains the highest concentrations of contaminants at the

solar pond area. Above background concentrations of radionuclides, chlorides (40-336

milligrams per liter (mg/1), sulfate (290-335 mg/l), potassium (250-260 mg/l), calcium

(349-813 mg/I), mercury (0.0003 mg/l), magnesium (84-243 mg/l), manganese (1.24-1.71

mg/l), sodium (1211-2536 mg/l), nickel (0.087-0.285 mg/l), strontium (2.76-6.19 mg/l),

and nitrates as high as 2200 mg/I occur in ground water at well 28-86. Potassium,

present in high concentrations in the pond liquids and sludge, is only significantly

elevated in well 28-86, well 30-86, and the ground water collected by the French drain

system. Background for potassium is less than 5 mg/l. Similarly, the concentration of

strontium in background samples is 0.20 mg/l, and the samples from well 28-86

contain over an order of magnitude greater concentration. Radionuclides are elevated

in the ground water in well 28-86 with uranium 233+234 as high as 1000 (300)

picoCuries per liter (pCi/I), uranium 235 at 47 (15), cranium 238 at 750 (200) pCi/I,

and tritium at 12000 pCi/I. Only traces of TCE ani tetrachloroethene (PCE) were

present in the ground water at well 28-86. Chloride, sulfate, nitrate, TDS, manganese,

nickel, and uranium all exceeded the proposed ground-water quality criteria.

Well 30-86 is a bedrock well which is completed in the shallow weathered

claystone immediately beneath the artificial fill/disturbed ground. The well, even

though completed in claystone bedrock, is unconfined and in communication with the

overlying surficial materials. Ground water in well 30-86 (see Tables 5-13 through 5-
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16) contains consistently above background concentrations of barium (0.21-0.58 mg/1),

potassium (39-146 mg/1), magnesium (136-310 mg/I), sodium (1063-1408 mg/I),

selenium (<0.005-.017 mg/1), and strontium (6-14 mg/1). Radionuclides, specifically

uranium and tritium are elevated above background. Uranium 233+234 ranges from

139.6(21.1) pCi/i to 370(250) pCi/i; uranium 235 from 5.2(1.4) pCi/i to 10(6) pCi/i; and

uranium 238 93.1(14.7) pCi/i to 125(29) pCi/i. Tritium ranges from 6300(200) to 9800

pCi/i. Chlorides (179-430 mg/I), sulfates (100-340 mg/1), and nitrates (1410-2040 mg/I)

are significantly above background. As previously mentioned, ground water at this

well shows the most contamination anywhere in the Solar Pond Area. Chlorides,

sulfates, nitrates, TDS, and uranium all exceed the proposed ground-water quality

criteria.

Well 20-86 and 18-86 were dry during all sampling periods.

i

sGround-water Quality Adjacent to North Walnut Creek

Wells 17-86, 15-86 and 13-86, screened in valley fill alluvium adjacent to

North Walnut Creek, contain variable concentrations of the contaminants associated

with the solar ponds. Nitrate was not detected above background in well 13-86, the

most downgradicnt well. However, at wells 17-86 and 15-86, nitrate ranges were 145-

540 mg/I and 28-120 mg/I, respectively. Total uranium concentrations ranged from

43-600 pCi/i in well 17-86 to 27-48 pCi/i in well 15-86. (No data available for 13-86).

TDS exceeded 4000 mg/I at well 17-86, and exceeded 1000 mg/i at both wells 15-86

and 13-86. TDS, uranium, and nitrate all exceed the ground-water quality criteria at

wells 17-86 and 15-86. Ground water at well 17-36 also has elevated selenium

concentrations (<0.002-0.29 mg/1) that exceed the ground-water quality criteria.

Although selenium is also present in ground water at well 30-86 (<0.005-0.017 mg/1),
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concentrations are significantly lower. 	 It appears the selenium at well 17-86

171	 originates from another source upgradient.

In general, the ground-water quality improves downgradient from wells 17-86

to well 13-86. Ground water at well 17-86 has significantly higher calcium,

magnesium, and sodium relative to well 15-86. (Metals data do not exist for well 13-

86). The ground water also has higher strontium at well 17-86 compared to well 15-

86, and a similar pattern exists for uranium and tritium (again, no data exist for well

13-86). Nitrate concentrations decrease in the ground water from approximately 500

mg/I at well 17-86, to less than 100 mg/l at well 15-86, to less than 1 mg/1 at well 13-

86. Dilution by ground water from the north in North Walnut Creek valley fill

alluvium is one likely explanation for the reduction in metal and nitrate

concentrations.

S
The source of the strontium, nitrate, sodium, potassium, tritium, and uranium

at well 17-86 appears to be the solar ponds because all of these constituents are

notably elevated at well 30-86. These constituents are all diluted by about a factor of

5 to 10 at well 17-86 relative to 30-86. The interceptor pump house water quality

(metals data only) indicates concentrations of sodium and potassium intermediate to

the range observed for wells 30-86 and 17-86 (see Appendix 4 of this closure plan).

This is expected given the location of the French c.rain system. It is likely that

contamination at 17-86 has arisen from the solar ponds because of the inability of the

French drain system to capture all contaminated ground water exiting the solar ponds

during periods of high precipitation.

Volatile organics are only present in well 13-86. 	 It is possible that the

culvert/drainage from the Triangle Area ( a low priority SWMU site which will be
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investigated in 1989) is draining surface water containing contaminants from the area

. previously used for drum storage. Well 13-86 is located within 200 feet of the end of

the drainage from the Triangle Area. Drums of organics and radionuclides were

stored at the Triangle Area.

.

Ground Water Oualitv Down gradient in North Walnut Creek

Ground-water quality at wells 12-86 and 11-86 located farther downgradient in

the North Walnut Creek drainage have similar inorganic chemistry to that observed

for well 15-86. Calcium (78-205 mg/l), magnesium (25-65 mg/I), sodium (47-224 mg/l),

sulfate (104-630 mg/l), and chloride (37-100 mg/I) are at concentrations typical of the

ground water at 15-86. However, nitrate concentrations are low ranging from non

detected to values generally less than 3 mg/I. This compares somewhat with the

absence of nitrate at well 13-86. The only metal elevated in concentration in both

wells is strontium ranging from 0.60-1.48 mg/l. Nickel is elevated only in well 11-86

(most downgradient well) at concentrations ranging from <0.037-0.167 mg/l. However,

the absence of detectable concentrations of nickel at 2-86 and 15-86 suggest there is

another contributing source. As for the radionuclides, only at well 12-86 was

uranium significantly elevated. Uranium 233 + 234 and uranium 238 ranged from

1 1(3)-25(5) pCi/i, and 13(3)-20(3) pCi/i respectively. The elevated major ion and

uranium concentrations suggest ground water at this location is impacted by the solar

ponds. The reduced concentrations of nitrate may be a result of uptake by

phreatophytes. Only TDS, sulfate, and uranium (one occasion only) exceed the

ground water quality criteria. The downgradient extent of this "plume" is unknown

but within the plant boundaries, as well 4-86 located at Indiana Street has always

been dry.
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Historical AllUvial Ground Water Data North of the Solar Ponds

Historical data (Appendix D) indicate gross alpha, gross beta, and nitrates have

been elevated in the ground water north of the solar ponds since sampling and

analysis began in 1975. The quality of the water in Sumps 1, 2, 3, and 6 represent the

ground water extracted from intercept trenches 1, 2, 3, and 6. For the first six

months of 1975, nitrates in Sumps 1, 2, and 3 were greater than 20,000 mg/l. From

this point in time until February 1980 (end of record), nitrate concentrations were

generally in the 2000-5000 mg/I range. Only in Sump 1 did nitrates suddenly decrease

to <500 mg/l in JUNE 1978. Because Sump 1 is also connected to the leachate

collection system of the 207B ponds, this decrease in nitrate concentration is probably

due to the removal of process waste and cleaning of these ponds at that time. The

Sump 1 gross alpha and beta data show this patterr as well. From 1975 through

JUNE 1978, they were in the range of 1000-10,000 pCi/i, and subsequent to JUNE

1978 dropped to less than 100 pCi/I. Gross alpha for Sump 2 was always generally in

the range of 1000-2000 pCi/i while gross beta was somewhat higher in 1975 and 1976

but generally on the order of 2000 pCi/i. In Sump 3, gross alpha and beta were each

in the range 200-500 pCi/l from 1975-1977 and in subsequent years were in the range

<100-200 pCi/i. Sump 6 had nitrate concentrations in 1979 on the order of 1000 mg/I.

There is no gross alpha and beta data for Sump 6.

In 1975, Engineering Science drilled test holes and sampled ground water for

subsequent nitrate analysis. Their data is similar to the Plant data showing nitrate

concentrations just north of the ponds as high as 20,000 mg/I (Figure 5-1).

It is concluded that nitrates, gross alpha, and gross beta concentrations have

decreased over the years to levels an order of magnitude less than they were in early
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Figure 5-1: TEST HOLE LOCATIONS
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S

1975. A significant decrease occurred in late 1975, and it would appear

concentrations have dropped steadily since then. This may be due to decreases in

nitrate concentrations in pond 207A (23,000 down to 240 mg/l) through the years 1975

to 1982. However, 1982 nitrate concentrations were up to 22,000 mg/1 in the pond

liquid, and a corresponding increase in nitrates in the ground water is not obvious.

A pond known as the 774 pond receives footing drain flow from buildings in

the 700 area. The pond now discharges to the French drain system. The historical

nitrate and tritium data for the pond indicate these constituents are elevated in the

water. During the years 1980 and 1981, tritium concentrations ranged from 2000-

10,000 pci/l. Nitrate concentrations ranged from 50-200 mg/I from 1976-1980.

Although there are no other data to characterize this water, it is obvious that release

of contaminants to ground water occurs west of the solar ponds and the

contamination is likely to migrate downgradient through the North Walnut Creek

drainage. Therefore, impacts to the ground water of the valley fill alluvium of North

Walnut Creek cannot be entirely attributed to the solar ponds.

5.2.2 Bedrock Ground-water Flow System

Ground-water flow occurs in the Arapahoe Formation under unconfined and

confined conditions.

Unconfined ground water occurs in the weathered claystones that subcrop

beneath surficial materials in well 30-86. The borehole log (Appendix B) notes that

the overlying 2 feet of artificial fill is wet, although recorded water levels from

September 1986 through April 1988 indicate the water table has been within the

Arapahoe claystone throughout this period.
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Well 31-86 west of well 30-86 is completed in subcropping Arapahoe sandstone.

This well is screened from 2.46 to 17.32 feet below ground surface and has been dry

since its installation.

Confined ground-water flow occurs in sandstones within the Arapahoe

Formation. Wells completed in sandstones include wells 14-86, 16-86, 23-86, 25-86, 27-

86, 32-86, and 39-87BR. As shown in cross section E-E' on Plate 5-3, wells 27-86 and

39-87 are completed in the same sandstone.

5.2.2.1 Recharge Conditions

Recharge to the unconfined bedrock aquifer at 30-86 occurs from infiltration

of incident precipitation through the overlying surficial materials. Overflow from

Sump 2 which is located uphill from 30-86 also contributes to recharge of the

unconfined flow system at this location.

Recharge to the Arapahoe sandstones occurs as infiltation to the sandstones at

subcrops, and from downward leakage through the overlying claystones.

There is a variable downward gradient between ground water in surficial

materials and bedrock. The presence of a downward gradient has been demonstrated

previously at the Plant (Hurr, 1976 and Rockwell International, 1986a; Rockwell

International, 1988). Table 5-8 presents vertical hycraulic gradients calculated for

alluvial/bedrock well pairs in the solar ponds area. Calculated vertical gradients

range from about 0.01 to 0.95. The well pair 24-86 and 23-86 (bedrock) does not yield

a vertical gradient because 24-86 is always dry. No vertical gradient between upper

and lower sands in the Arapahoe Formation can be calculated from well pair 31-86

(bedrock) and 32-86 (bedrock) because 31-86 is always dry.
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TABLE 5-8

VERTICAL GRADIENTS

ELEVATION	 OF	 ELEVATION	 DOWNWARD

POTENTIOMETRIC	 WATER LEVEL	 ELEVATION OF	 OF SATURATED	 SEPARATOR	 VERTICAL
WELL	 SURFACE & DATE	 DIFFERENCE (ft)	 SCREENED INTERVAL	 INTERVAL MIDPOINT	 THICKNESS (ft)	 GRADIENT

14 . 86*	 5836.61	 5805.29-5789.35	 5797.32

(04/11/88)	 4.62	 38.76	 0.12

15-86	 5841.23	 5841.52-5830.92	 5836.08

(04/11/88)

16 . 86*	 5861.00	 5825.68-5819.68	 5822.68

	

(04/11/88)	 0.35	 33.64	 0.01

17-86	 5861.35	 5861.52-5851.28	 5856.32

(04/11/88)

21-87	 5921.56	 5924.33-5917.18	 5919.37

	

(04/18/88)	 69.57	 73.60	 0.95

22 . 878R*	 5851.99	 5849.29-5842.24	 5845.77

(04/18/88)

25 . 86*	 5935.85	 5914.55-5892.45	 5903.50

	

(04/18/88)	 30.24	 61.29	 0.49

26-86	 5966.09	 5970.73-5963.48	 5964.79

(04/18/88)

27 . 86*	 5863.96	 5833.36-5828.86	 5831.11

	

(04/18/88)	 94.11	 124.24	 0.05

28-86	 5958.07	 5957.20-5952.63	 5955.35

(04/18/88)

34 . 86*	 5890.88	 5866.20-5854.19	 5860.20

	

(04/18/88)	 13.66	 40.87	 0.33

35-86	 5904.54	 5904.34-5897.60	 5901.07

(04/18/88)

*	 Completed in Bedrock

) Date of water Level measurement



5.2.2.2 Ground-water flow Directions

Ground-water flow within individual sandstones is from west to east at an

average gradient of 0.09 ft/ft based on wells completed in the same sandstones at the

903 Pad, Mound, and East Trenches Areas (Rockwell International, 1987b) and on

regional data (Robson and others, 1981a).

5.2.2.3 Hydraulic Conductivities

Hydraulic conductivity values for Arapahoe sandstones were estimated from

drawdown-recovery tests performed in 1986, slug tests performed in 1987, and packer

tests performed in 1986 and 1987. Table 5-9 and 5-10 summarize the results of these

tests. Data, analyses, and results of each test are provided in Appendix B.

The hydraulic conductivities calculated for sandstones vary from 1.12 x 10

cm/s to 3x10 6 cm/s with a geometric mean of 4.0x10 7 cm/s. This is in the range of

the geometric mean of hydraulic conductivities calculated for siltstones (3.9x107

cm/s) and claystones (4.7x10 7 cm/s).

The horizontal ground-water flow velocity for sandstone is 0.3 ft/year. This is

based upon a hydraulic conductivity of 4.0 x I0 7 cm/s (0.38 ft/year). The horizontal

ground-water flow velocity for siltstones is 0.3 ft/year based upon a hydraulic

conductivity of 3.9 x cm/s (0.38 ft/year) and for claystones is 0.4 ft/year based

upon a hydraulic conductivity of 4.7 x 10 -7 cm/s (0.45 ft/year). All calculations are

based upon an average horizontal gradient of 0.09 ft/ft, and an assumed effective

porosity of 0.1.

. SOLAR POND CLOSURE CHARACTERIZATION REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO	 1 JULY 1988	 PAGE 5-40

.



Aborted

Aborted

4. x108

3.36x106

3.8 x107

4. x108

2. x108

27-86	 24.29-35.84

24.65-35.84

35.84-47.03

42.58-53.77

70.96-82.15

82.15-93.34

96.43-107.62

107.62-118.81

118.81-130.0

130.00-141.19

138.37-149.56

2.32x106

2.37x106

2.3 x107

1. xlO8

2.16x106

7.9 x107

1.4 x107

3. x108

2. x108

2.4 x107

Ctaystone	 2.00x10	 2.70x1O

Ctaystone	 2.04x10 7	2.75x10

CLaystone	 4.7 x10 8	6.5 x10 7

Ctaystone	 1. x10 6	1. x10 8

Ctaystone	 L01x10 7	2.98x10

Ctaystone	 3.4 xlO	 3.84x10 6

Sittstone	 3.1 x10	 2.1 x10

Ctaystone/Sittstone8	
7

Ctaystone	 1. xlO	 1.1 xlO

Ctaystone/Sandstone

Ctaystone	 1. x10 8	6. x108

Geometric Mean for Claystone:

TABLE 5-9

.

	 RESULTS OF PACKER TESTS IN ARAPAHOE FORMATION

We((	 IntervaL	 Lithotogy	 1st P1/3	 P2/3	 2nd P1/3	 Geometric

Number	 (ft)	 (cm/s)	 (cm/s)	 (cm/s)	 Mean (cm/s)

14-86	 32.46-43.64	 Ctaystone	 7.8 x10	 3.47x1O	 8.8 x10	 1.34x106

	

43.26-54.44	 Sandstone	 2.11x10	 7.34x10	 6.5 xlO	 2.16x106

	

53.91-65.09	 Ctaystone/SiLtstone

16-86	 28.68-38.68	 Ctaystone	 3.89x10 6	7.10006

	

34.43-44.42	 Ctaystone/Si Ltstone/Sandstone

	

42.49-52.59	 Ctaystone/Si ttstone	 -

	

52.43-62.43	 Sittstone	 4.0 xlO	 1.88x10 6

Aborted	 5.26x106

3.0 x10 7	6.1 x107

23-86	 37.25-48.43

44.68-52.35

52.35-63.55

66.10-77.30

67.80-79.00

71.80-83.00

78.00-79.00

82.72-93.92

84.05-95.25

104.21-115.40

Ctaystone	 2.0 x10	 Aborted 6	 Aborted8	 2.0 x1O
Ctaystone	 4.3 xlO	 1.41x10	 4.0 xlO	 2.9 xlO

Ctaystone/Si Ltstone

Si Ltstone/CLaystone

Sit tstone/CL aystone

Si Ltstone/CLaystone
Sittstone	 3.08x1O	 Aborted

Sittstone	 2.9 xlO	 Aborted

Sittstone	 3.6 x10	 Aborted

Sandstone/Si Ltstone

Geometric Mean for Ctaystone:

Geometric Mean for Sittstone:

Aborted	 3.08x10

Aborted	 2.9 x10

Aborted	 3.6 xlO 7

2.4 x107

6.9 x107

6.3 x10 7	1.02x106

Aborted	 1.0 x108

3.3 x10 7	1.6 x107

7.7 x10 7	3.4 x107

1.2 xlO -7

	

35.88-47.06	 Ctaystone	 7.8 x10	 2.1400

	

48.05-59.23	 Ctaystone	 1.0 x10 8	2.0 x107

	

58.86-70.04	 Ctaystone	 2.0 x10 8	5.9 x10

	

69.36-80.54	 Sandstone* 2.0 x10	 265x10 6

	

83.29-94.47	 Test IntervaL in Excess of TO

Geometric Mean for Ctaystone:

.

25-86

S
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TABLE 5-9 (Continued)

.

	 RESULTS OF PACKER TESTS IN ARAPAHOE FORMATION

Watt	 IntervaL	 Lithotogy	 1st P1/3	 P2/3	 2nd P1/3	 Geometric

Number	 (ft)	 (cm/s)	 (cm/s)	 (cm/s)	 Mean (cm/s)

32-86	 45.20-55.20	 Ctaystone	 5.6 x10	 1.59x106	 2.8 x10 7	6.3 x10

55.20-65.20	 Ctaystone	 2.8 x10 7	6. x10 -8	Aborted 7	 1.3 x107

65.20-75.20	 Ctaystone	 4.6 x10 8	6.4 x10 7	1.9 x10 8	3.8 x10

75.20-85.20	 CLaystone	 8. xlO	 3.7 xlO	 6. xlO	 1.2 xlO 

7

85.20-95.20	 Ctaystone/Sandstone 7

95.20-105.20	 Ctaystone	 3.7 x10 7	4.1 x10	 7.0 x10	 2.1 x10

95.20-105.92	 Ctaystone	 3.5 x10 8	3.9 x10 7	6. x10 	 2.0 x10
105.20-115.20	 Ctaystone	 6.0 xlO	 4.6 xlO	 1.3 X10'

7
	1.5 00*7

116.08-126.08	 Ctaystone/Sandstone

Geometric Mean for Ctaystone:

Sandstone	 1.73 x106

CLaystone	 4.14 xlO;.6 5.73 X106

Ctaystone	 4.7 xlO	 - - -
Ctaystone	 5.6 x10 7	4.28 x106

Geometric Mean for CLaystone:

Ctaystone	 Aborted	 3. x1O

Ctaystone	 -	 6. xlO

Ctaystone	 -	 4. x108

Ctaystone/Si Ltstone/Sandstone

Si Ltstone/Sandstone

Ctaystone/Si Ltstone

Sandstone/Si ttstone

Sittstone	 Aborted	 3.9 x107

Sandstone	 2. x10 8	4. x108

Geometric Mean for Ctaystone:

2.2 x107

6.30 x10 6 3.30 006

1.56 X10 6 3.33 X106
... 	 x107

1.55 xlO 6

1.34 x106

Aborted	 3. x10

-	 6. xlO

-	 4. x108

Aborted	 3.9 x1O7

Aborted	 3. x108

4. x108

34-86
	

46.01-56.00

55.01-65.00

76.71-86.70

85.10-95.09

.

	

39-878R 50.10-59.75
59.75-69.40
69.40-79.05
79.05-88.70
88.70-98.35
98.35-108.00
108.00-117.65

115.65-125.00

122.68-132.33
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TABLE 5-10

RESULTS OF HYDRAULIC CONDUCTIVITY TESTS
IN ARAPAHOE FORMATION

Drawdown	 Slug	 Packer

	

Well	 Lithology	 Recovery	 Test	 Test
Test (cm/s)	 (cm/s)	 (cm/s)

	

14-86	 Sandstone	 1.9x107	 2.2xl06
Claystone	 1.3x106

.

	

16-86	 Siltstone & Sandstone*
Siltstone
Cl aystone

23-86 Sandstone
Siltstone
Cl aystone

*

	

25-86	 Claystone & Sandstone
Sandstone
Claystone

	

27-86	 Sandstone
S iltstone
Claystone

	

32-86	 Sandstone & Claystone*
Claystone

	

34-86	 Sandstone
Claystone

6x108
6.1 x107
5.3x10 6

1x108
6.9 xl07
2.4 x107

7x108
3.4 x107
1.2 x107

1.9x107
1.4 x107
2.4 x107

9x108
2.2 x107

3.1 x106
	

3.3 x106
1.3 x106

C

Geometric Mean (cm/s)

Sandstone:	 4.8 x10 7	1x108	 1.4 x106
Siltstone:	 3.9 x107
Claystone:	 5.4 x107

* Mixed lithology tests not used in calculating geometric means.
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5.2.2.4 Bedrock Ground-water Quality

This section describes the bedrock ground-water chemical conditions in the

vicinity of the solar ponds. As discussed in Section 5.2.1, interpretation of the

chemical conditions is compared to background bedrock ground-water quality west of

the plant (Table 5-11) and ground-water quality criteria (Table 5-2).

Nine bedrock wells were installed in 1986 in the vicinity of the solar ponds to

monitor bedrock ground-water quality. Two wells, 14-86 and 15-86 were installed in

the North Walnut Creek drainage, one well (34-86) was placed in South Walnut Creek.

The remaining six wells are located around the solar ponds.

In 1987, one additional bedrock ground-water monitoring well was installed.

Well 39-87BR is located slightly northeast of pond 207B north. All analytical data is

provided in Appendix C; however, chemical concentrations in bedrock ground water

that are above estimated background levels are shown in Tables 5-13 through 5-16.

As shown in Table 5-12, with four exceptions, volatiles did not occur above

detection limits. The only exceptions are the infrequent occurrences of

concentrations (generally less than 15 mg/I) of methylene chloride, acetone, methyl

ethyl ketone (MEK), CC1 4, TCE, toluene, and PCE. Because methylene chloride,

acetone, and MEK are common laboratory contaminants, their presence may be

laboratory artifact. The occurrence of other VOC's above detection limits, albeit

infrequently and at low concentrations, may be indicative of organic contamination.

However, in the unlikely event that VOC contamination is actually present in the

bedrock ground-water, this contamination would have arisen from an area to the west

of the solar ponds where the sandstone subcrops (if they subcrop).
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TABLE 5-11

BACKGROUND ALLUVIAL
GROUND-WATER QUALITY

METALS

Element	 Concentration Ran ge (mg/l)

Antimony	 .06U
Arsenic	 .00lU
Barium	 .04-.22
Beryllium	 .005U
Cadmium	 .005U
Cesium	 .1U
Chromium	 .002U-.015
Cobalt	 .05 U
Copper	 .02U-.05
Lead	 .005U-.030
Manganese	 .OIU-.23
Mercury	 .0002U-.0003
Molybdenum	 .1U
Nickel	 .04U
Selenium	 .002U
Silver	 .01 U
Strontium	 .14-.87
Thallium	 .002U
Vanadium	 .005U-.05
Zinc	 .005U-.09

RADIONUCLIDES

Plutonium, Americium,
Uranium-235

Uranium-234
Uranium-238

Not detected
Not detected - 6.6(1.8)
No detected - 7.5(1.7)

MAJOR IONS

Ion
	

Concentration Ran ge (mg/1)

Calcium	 7-110
Magnesium	 1-25
Potassium	 1-8
Sodium	 22.47
Bicarbonate
	

9-318
Carbonate	 ND-257
Chloride	 1-24
Nitrate	 ND
Sulfate	 ND-66

.
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TABLE 5-12

VOLATILE ORGANIC RESULTS FOR BEDROCK WELLS
(ug/ 1)

S

Well No.	 Date Sampled	 MeCL	 Acetone	 MEK	 CCL4	 TCE	 Toluene	 PCE

Detection Limit	 (5)	 (10)	 (10)	 (45)	 (4-5)	 (5)	 (4-5)

23-86	 01/15/88	 13	 -	 -	 7	 -	 -	 -

2386	 03/21/88	 16	 -	 -	 -	 -	 -

25-86	 11/07/86	 -	 218	 15	 -	 -	 -	 -

25-86	 01/15/88	 -	 -	 -	 7	 -	 2J	 -

25-86	 03/21/88	 -	 17	 -	 -	 -	 -	 -

27-86	 11/07/86	 2J	 7JB	 -	 1J	 -

27-86	 12/16/87	 13	 -	 -	 -	 -

27-86	 03/21/88	 17	 -	 -	 -	 -

30-86	 09/19/86	 -	 -	 -	 -	 2J
30-86	 04/15/87	 -	 -	 -	 5	 -

30-86	 06/24/87	 -	 -	 -	 -	 -	 -	 16

30-86	 03/16/88	 14	 -	 -	 -	 -	 -	 -

32-86	 11/07/86	 -	 -	 91	 -	 -	 -	 -

39-86	 03/16/88	 13	 -	 -	 -	 -	 -	 -

Notes:	 (1) "-" Indicates that value is undetected

(2) "J" Indicates value is estimated below detection

(3) "B'1 indicates that anaLyte was present in the Laboratory blank

(4) Anatyte abbreviations:

MeCL = Methytene Chloride;

MEK = MethyL Ethyl Ketone

CCL 4 = carbon tetrachloride;

ICE	 trichtoroethene;

PCE = tetrachtoroethene
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TABLE 5-13

METALS CONCENTRATIONS ABOVE BACKGROUND IN BEDROCK WELLS

WeLL No.	 Date	 Ag	 As	 Ba	 Ca	 Co	 Cd	 Hg	 K	 Mg	 Mo	 Na	 Ni	 Sb	 Se	 Sr	 Th	 Zn	 Pb
Background SnpLed (0.01) (0.001) (0.22) 	 (36)	 (0.005) (0.005) (0.0003) (5)	 (8)	 (0.1)	 (21)	 (0.07) (0.060) (0.002) (0.87) (0.01) (0.09) (0.30)

14-86	 09/18/86	 -	 -	 -	 -	 -	 29	 -	 267	 -	 -	 -	 1.37	 -	 -	 -

	

04/16/87	 -	 -	 -	 141	 -	 -	 -	 -	 41	 -	 251	 -	 2.04	 -	 0.09	 -

	

06/10/87	 -	 -	 -	 155	 -	 -	 -	 -	 41	 -	 250	 0.0476	 -	 2.10	 -	 0.13

	

08/05/87	 -	 -	 -	 140	 -	 -	 -	 -	 41	 -	 253	 -	 0.004J	 2.07	 -

	

12/08/87	 -	 -	 -	 138	 -	 -	 -	 8.2	 39	 -	 237	 -	 -	 -	 2.09	 -

	

03/14/88	 -	 -	 -	 154	 -	 -	 -	 -	 47	 -	 266	 -	 -	 -	 2.42	 -	 -	 -

16-86	 09/18/86	 -	 -	 -	 142	 -	 -	 0.0003	 -	 45	 -	 297	 -	 -	 0.0045	 1.88	 -	 -

	

04/22/87	 -	 -	 -	 169	 -	 -	 -	 49	 -	 291	 0.1672	 -	 -	 2.22	 -

	

06/10/87	 -	 -	 -	 166	 0.072	 0.0006J	 -	 -	 45	 -	 271	 0.2061	 -	 -	 2.12	 -

	

08/07/87	 -	 -	 -	 161	 0.054	 -	 -	 -	 49	 -	 287	 0.0891	 -	 -	 2.10	 -

	

12/17/87	 -	 -	 -	 148	 -	 -	 -	 8.7	 45	 -	 272	 0.0464	 -	 0.005	 2.03	 -	 -

	

03/14/88	 -	 0.002J	 -	 421	 -	 -	 -	 -	 -	 -	 -	 -	 0.003J	 6.16	 -	 0.11	 -

23-86	 01/15/88	 -	 0.005	 -	 -	 -	 -	 -	 14.0	 -	 -	 182	 -	 -	 0.007	 1.18	 -	 -

	

03/21/88	 -	 -	 -	 -	 -	 -	 -	 11.0	 26	 -	 180	 -	 -	 -	 1.28	 -	 0.18	 -

	

11/07/88	 -	 -	 -	 224	 -	 -	 -	 35.0	 80	 0.013	 33	 0.965	 -	 -	 2.85	 -	 0.10	 -

25-86	 03/18/87	 -	 -	 -	 192	 -	 -	 -	 25.0	 76	 -	 247	 0.1249	 -	 -	 2.56	 -

	

06/24/87	 -	 -	 -	 268	 -	 -	 -	 17	 .	 -	 306	 0.2102	 -	 -	 3.21	 -

I-
	08/28/87	 -	 -	 -	 209	 -	 -	 -	 18.0	 101	 -	 280	 0.1005	 -	 -	 3.11	 -

	

01/15/88	 -	 0.019	 -	 233	 -	 -	 -	 15.5	 100	 -	 282	 0.1057	 -	 -	 3.14	 -

	

03/21/88	 -	 -	 -	 206	 -	 -	 -	 15	 85	 -	 259	 -	 -	 -	 3.04

27-86	 03/19/87	 -	 -	 -	 -	 -	 -	 -	 9.0	 -	 -	 259	 0.1271	 -	 -	 -

	

04/15/87	 -	 -	 -	 -	 -	 247	 01869	 -	 -	 -	 -	 0.3	 -

	

06/29/87	 -	 -	 -	 -	 -	 219	 0.1158	 -	 -	 -	 -

	

09/23/87	 -	 -	 -	 -	 -	 -	 .	 -	 -	 -	 200	 0.0993	 -	 0.005	 -	 -	 -

	

12/16/87	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 205	 0.0622	 -	 0.006	 -	 -	 -

	

03/21/88	 -	 -	 -	 -	 -	 -	 .	 201	 0.0415	 -	 -	 -	 -	 -

30-86	 09/19/86 0.030	 -	 0.58	 -	 -	 -	 0.0011 38.60	 165	 -	 1440	 -	 -	 -	 21.5	 0.544	 -	 -

	

01/16/87	 -	 -	 -	 1031	 -	 -	 -	 -	 264	 -	 1266	 0.0580	 -	 -	 9.68	 -

	

03/23/87 0.010	 -	 -	 681	 -	 -	 -	 132.0	 135	 -	 1062	 -	 -	 -	 5.69	 -

	

04/15/87 0.013	 -	 0.31	 1270	 -	 -	 -	 820	 215	 -	 1145	 -	 -	 0.007	 11.78	 -	 -

	

06/24/87	 -	 -	 0.31	 1692	 -	 -	 -	 74	 308	 -	 1407	 -	 -	 -	 14.21	 -

	

09/24/87	 -	 -	 0.35	 1172	 -	 -	 -	 125	 309	 -	 1284	 -	 -	 -	 12.25	 -

	

01/15/88	 -	 0.011	 0.22	 1130	 -	 -	 -	 146	 274	 -	 1390	 0.0689	 -	 -	 10.22	 -

	

03/16/88	 -	 0.0021 0.23	 845	 -	 -	 -	 146	 229	 -	 1263	 0.0433	 -	 0.005	 7.75	 -

0
t!i
C'

	 32-86	 11/07/86	 -	 -	 -	 -	 -	 -	 -	 8.35	 -	 -	 118	 -	 -	 -	 -	 -	 -	 0.12

	

03/23/87	 -	 -	 -	 -	 -	 -	 -	 100	 -	 0.0329	 152	 -	 -	 -	 -	 -

	

04/15/87	 -	 -	 -	 -	 -	 -	 -	 -	 -	 0.0312	 152	 -	 -	 -	 -	 -	 -

	

06/29/87	 -	 -	 -	 -	 -	 -	 -	 -	 -	 0.412	 -	 0.622	 -	 -	 -	 -	 -	 0.004

	

09/23/87	 -	 -	 -	 -	 -	 -	 -	 127	 -	 -	 0.004J	 -	 -	 0.98	 -

	

12/16/87	 -	 0.005	 -	 -	 -	 -	 -	 -	 -	 -	 132	 -	 -	 0.005	 -	 -	 -	 -

	

03/21/88	 -	 -	 -	 -	 -	 -	 -	 -	 -	 121	 -	 -	 -	 -	 -	 -	 -

34-87	 03/16/88	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 0.003J	 0.08	 -	 -

oc

CAC

zc

o

o

LTJ(

t.4o

0.



TABLE 5-14
OTHER INORGANICS ABOVE BACKGROUND IN BEDROCK WELLS (mg/1)

Date	 Nitrate!
WeLL No.	 SampLed	 ChLoride	 Nitrite/Nitrogen	 SuLfate	 HC0.,	 TDS

Background	 (24)	 (ND)	 (66)	 (318)	 C )

14-86	 09/18/86	 160	 MR	 310	 MR	 1100
	04/16/87	 79	 0.60	 550	 368	 1303

	

06/10/87	 81	 0.20U	 570	 348	 1331

	

08/05/87	 83	 0.20U	 148	 364	 1292

	

12/17/87	 78	 0.04	 562	 381	 1358
03/14/87	 80	 0.20U	 480	 -	 1367

16-86	 09/18/86	 220	 MR	 510	 MR	 1400

	

04/16/87	 242	 0.60	 179	 340	 2489
06/10/87	 202	 0.20U	 175	 332	 1470
08/07/87	 201	 0.29	 495	 347	 1442

	

12/17/87	 180	 0.09	 420	 384	 1459

	

03/14/88	 208	 0.06	 430	 -	 1462

23-86	 03/18/87	 190	 MR	 340	 MR	 MR
	01/15/88	 172	 0.02	 321	 190	 962

	

03/21/88	 172	 0.07	 290	 114	 1040

25-86	 03/18/87	 52	 0.28	 1100	 410	 2322

	

06/24/87	 40	 0.20U	 400	 390	 2242

	

08/28/87	 42	 0.45	 1060	 407	 2265

	

01/15/88	 44	 0.10	 1030	 437	 2297

	

03/21/88	 43	 0.12	 1050	 104	 2293

27-86	 03/19/87	 144	 42.0	 245	 -	 793

	

04/15/87	 167	 0.20U	 260	 -	 756

	

06/24/87	 160	 0.20U	 188	 -	 812

	

09/23/87	 166	 0.20U	 340	 -	 842

	

12/16/87	 141	 0.40	 219	 -	 823

	

03/21/87	 163	 0.43	 220	 -	 818

30-86	 09/19/86	 430	 MR	 100	 HR	 MA
	03/23/87	 179	 1440	 215	 MA	 8085

	

04/15/87	 215	 8.40	 340	 334	 9430

	

06/24/87	 288	 2040	 280	 -	 13740

	

09/26/87	 318	 1520	 301	 -	 14019

	

01/15/88	 276	 1457	 282	 -	 13682

	

03/16/88	 210	 1410	 205	 -	 10571

32-86	 11/07/86	 122	 MR	 101	 -	 616

	

03/23/87	 107	 6.90	 92	 -	 523

	

04/15/87	 107	 1.88	 92	 -	 575

	

06/29/87	 146	 0.40	 57	 -	 512

	

09/23/87	 121	 0.46	 66	 -	 547

	

12/16/87	 109	 0.19	 75	 -	 507

	

03/21/88	 121	 0.04	 65	 -	 501

39-87	 03/16/88	 7	 0.10	 134	 MR

Notes:	 (1) N- Indicates value is below background concentrations
(2) MR Indicates sampLe not requested; MA indicates sample not anaLyzed
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S TABLE 5-15

RADIONUCLIDE CONCENTRATIONS
ABOVE BACKGROUND IN BEDROCK WELLS

(pCi/i)

WelL No.	 Date SampLed	 U233234	 U235	 U238	 Pu239240
	

Am 
241
	 H3

Background	 (6.6(1.8))	 ND	 (7.5(1.7))	 ND	 ND	 ND

14-86	 09/18/86	 7.4(0.7)	 -	 1.2(0.9)	 -	 -

06/10/87	 13(2)	 -	 14(2)	 -	 -	 -

16-86	 08/07/87	 -	 1.3(1.2)	 -	 -	 -	 -

25-86	 03/18/87	 9.1(2.6)	 -	 -	 -	 -	 210
01/15/88	 6.6(1.1)	 -	 -	 -

30-86	 03/23/87	 -	 10(6)	 125(29)	 -	 -	 6400
04/15/87	 370(250)	 -	 -	 -	 8500
06/24/87	 150(50)	 -	 97(34)	 -	 -	 9800
09/24/87	 139.6(21.1) 6.5(2.0) 93.1(14.7) -	 8611(825)
01/15/88	 160(34)	 5.2(1.4) 100(22)	 -	 -	 7900(200)
03/16/88	 NR	 NR	 NR	 -	 -	 6300(200)

32-86	 11/07/86	 13(3)	 NR	 10(2)	 -	 -	 -
03/21/88	 -	 0.14(0.10) -
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With few exceptions, radionuclide concentrations are below estimated

background levels (Table 5-15). Uranium 233 + 234, and uranium 238 occasionally

exceeded background in wells 14-86, 25-86, and 3246, however, the concentrations

were within a factor of two of background. There was a one time occurrence at well

14-86 of plutonium at the low concentration of 1.2(0.9) pCi/i. It is likely- these

concentrations reflect natural variability in radionuclide concentrations.

As with the radionuclides, trace metal concentrations were infrequently

detected at levels above background. (Table 5-13). Trace metals occurring above

background at low concentrations, infrequently and seemingly at random include

arsenic, cobalt, cadmium, mercury, molybdenum, selenium, zinc, and lead. In contrast,

nickel often occurred above estimated background levels, however concentrations

were generally within a factor of 2-3 of background. The data appear to indicate

bedrock ground water is not contaminated with trace metals.

Inorganic Chemistry

As a group, the upper and lower deep sandstones encountered during drilling

of many of the bedrock wells each have a unique chemistry. Wells 25-86, 14-86, and

16-86 are all completed in upper deep sandstones whereas wells 23-86, 27-86, 32-86,

and 39-87 are all completed in lower deep sandstones. Ground water in the upper

sandstones is a calcium/magnesium bicarbonate water, although sodium, chlorides, and

sulfate also occur above background. Strontium also occurs an order of magnitude

above background. Strontium is an element that should coexist with and behave

similarly to calcium and magnesium. 	 In contrast, ground water in the lower

sandstones	 was	 low	 (generally	 within	 background	 ranges)	 of
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calcium, magnesium, strontium, and bicarbonate. This water is only elevated in

sodium, chloride, and sulfate.

Summar y of Bedrock Ground-Water Chemistry

Nitrate, the most prominent indicator of contamination arising from the solar

ponds, is with few exceptions below 0.5 mg/i in bedrock ground water. The

exceptions are the occurrence of 42 mg/I in well 27-86 (otherwise <0.5 mg/i at this

well) and the occurrence of 6.9 and 1.9 mg/I on two sampling events of well 32-86

(otherwise <0.5 mg/1). These wells are both completed on the lower deep sandstone

contamination of which by the solar ponds is a remote possibility. These nitrate

concentrations appear to be outliers.

The nitrate, trace metal, and radionuclide data tend to support that the deep

bedrock ground water is not impacted by the solar ponds or other unidentified solid

waste management unit that may be upgradient. The high salt concentrations relative

to background is likely due to dissolution of minerals in the bedrock system that does

not occur in bedrock west of the plant. Indeed, the bedrock wells west of the plant

are completed in the Laramie Formation which could be geochemically different from

the Arapahoe Formation. The sporadic occurrence at low concentrations of VOC's in

bedrock ground water does not provide convincing support to a hypothesis of VOC

contamination of bedrock ground water.

It is concluded that the deep bedrock sandstone ground water is not impacted

by the solar ponds or other possible upgradient SWMUs. The subcropping sandstone

at wells 22-86 and 31-86 is partially dry (at well 31-86). The extent of bedrock

ground water contamination in this unit, and the vertical extent of this unit,
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(although presumably not extensive), is unknown. The vertical extent of the

subcropping sandstones at well 39-87 and borehole SPO4-87, and the extent of any

bedrock contamination is unknown at this time. Further investigation is required to

fully characterize the nature and extent of potential contamination in these

subcropping sandstones. 	 -

.
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S SECTION 6

SURFACE WATER CHARACTERIZATION

Surface water drainage from the Solar Ponds Area is toward North Walnut and

South Walnut Creeks (Figure 6-1). A series of retention ponds known as the A series

ponds are located on North Walnut Creek, and a series of retention ponds known as

the B series ponds are located on South Walnut Creek. South Walnut Creek joins

North Walnut Creek and an unnamed tributary, coming from the landfill area,

approximately 0.7 miles downstream of the eastern edge of the Plant security area

within the buffer zone. The Walnut Creeks then flow eastward approximately one

mile to Great Western Reservoir. For this characterization, surface water quality data

from August 1986, and July and November 1987 v. ill be discussed as will other

historical data from the solar ponds area.

Background surface water quality at the Rocky Flats Plant has not been

thoroughly characterized; however, for the purpose of characterizing surface water

downgradient of the solar ponds, the chemistry of the surface water quality is

compared to local alluvial ground-water quality and health based water quality

criteria. A plan for background soils, ground-water and surface water

characterization is currently being prepared for Rocky Flats Plant. The water quality

criteria examined are The Safe Drinking Water Act (SDWA), Maximum Contaminant

Levels (MCLs), and the Colorado Department of Health (CDH) in-stream standards for

tributaries to Great Western Reservoir. These surface water quality criteria are

presented in Table 6-1.	 Where an MCL and an in-stream	 standard	 both
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TABLE 6-1

SURFACE WATER QUALITY CRITERIA

.

METALS	 CDH Water
QuaLity Limited

AnatyteStandard

ALuminum	 0.95

Antimony

Arsenic	 0.05

Barium	 1.0

BeryLLiLin	 0.1

Cadmium	 0.01

Chromium III	 0.05

Chromium VI	 0.05

CobaLt

Copper	 1.0

Lead	 0.05

Iron	 0.3

Manganese	 0.05

Mercury	 0.002

Motybdenun

NickeL	 0.05

SeLenium	 0.01

SiLver	 0.05

Strontium

ThalLium	 0.015

Vanadium

Zinc	 5.0

	

SDWA
	

Water QuaLity Criteria

	

MCL
	

(to be appLied to Rocky

	

.c91I?	 -	 --

0.95 mg/L

MS

	

0.05
	

0.05 mg/L

	

1.0
	

1.0 mg/L

0.1 mg/L

	

0.01
	

0.01 mg/L

0.05 mg/L

	

0.05
	

0.05 mg/L

1.0 mg/L

	

0.05
	

0.005 mg/L

0.3 mg/L

0.05 mg/L

	

0.002
	

0.002 mg/L

NS

0.05 mg/L

	

0.01
	

0.01 mg/L

	

0.05
	

0.05 mg/L

NS

0.015 mg/L

MS

5.0 mg/L

. 
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TABLE 6-1
(CONTINUED)

SURFACE WATER STANDARDS AND CRITERIA

Gross Alpha

Gross Beta

PU238' 239, 240 *

Am 241 *

H3

9
Sr 90

Cs 134

Cs 137

Radium 226

228
Rathun

Thor i inn 230 232

15 pCi/I

50 pCi/I

40 pCi/I

4 pCi/I

20000 pCiIL

8 pCi/I

100000 pCi/I

100 pCi/I

5 pCi/I.

5 pCi/I

15 pCi/I

50 pCi/I

40 pCi/I

4 pCi/I

20000 pCi/I

8 pCi/I

100000 pCi/I

100 pCi/I

5 pCi/I

5 pCi/L

**
40 pCi/I

total
Uranium

.

6.59.O

10.0

0.5

250

250

0.002

0.200

500

Ma j or Ions

PH

Nitrate

Nitrite

Chloride

Sulfate

Sulfides

Cyanide (total)

TDS

6.5-9.0

10.0 mg/I

0.5 mg/I

250 mg/I

250 mg/I

0.002 mg/I

0.200 mg/I

***
500 mg/I

RADIONUCLIDES
	

CDH Water
	

SDWA
	

Water Quality Criteria
Quality Limited
	

MCL
	

(to be applied to Rocky
Anaiyte
	

Flats Plant site)
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TABLE 6-1
(CONTINUED)

SURFACE WATER STANDARDS AND CRITERIA

VOLATILE	 CDII Water	 SDWA	 Water Quality Criteria
ORGANICS	 Quality Limited	 MCL	 (to be applied to Rocky

	

yeStandard m9/t ?	 rng/t?	 FLats PLant site)

.

CCL4
	

0.005
	

0.005 mg/I

Chloroform
	

0.100
	

0.100 mg/ I.

1,2-DCA
	

0.005
	

0.005 mg/I.

1,1-DCE
	

0.007
	

0.007 mg/L

trans-1,2-DCE
	

NS

Tetrachtoroethene
	

NS

Toluene
	

NS

1,1 ,1TCA
	

0.200
	

0.200 mg/I

1,1,2-TCA
	

NS

TCE
	

0.005
	

0.005 mg/L

Acetone
	

NS

MethyL ene
Chloride
	

MS

*
Proposed value in drinking water yielding a risk equal to that from a dose rate of 4 mrem/yr.

September 30, 1986 (51FR34859).

**
CON Water Quality Standard for Surface Water [5CCR 1002-8, Section 3.8.5(3)]

***
SDWA Secondary Maximum Concentration Limit (SMCL)

NS = No standard
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exist for an analyte, it is noted that they are equivalent. It is further noted that a

S discharge to the drainage is necessary for these criteria to be considered enforceable.

They are presented here merely to provide perspective for the water quality observed

at the Rocky Flats Plant.

6.1 NORTH WALNUT CREEK

.

North Walnut Creek is an eastward flowing stream located north of the solar

ponds area. Surface runoff patterns (Figure 6-1) indicate flow entering the drainage

from the solar ponds area, the 700 building complex, 300 building complex, and

general surface runoff from the north and west sides of the Plant. Due to the surface

drainage pattern any releases from the 700 and 300 areas would flow into North

Walnut Creek above the retention ponds in the drainage located north of Pond 207-C.

Potentiometric surface maps indicate flow to the northeast from the Solar

Evaporation Ponds Area toward the Walnut Creek drainage. The water table in valley

fill alluvium is slightly above or at stream elevation in the drainage, as evidenced by

all water level measurements taken in wells 17-86 and 15-86.

The A series ponds on North Walnut Creek are designated A-i, A-2, A-3, and

A-4, from west to east. Ponds A-i and A-2 are used only for spill control, and North

Walnut Creek stream flow is diverted around them through an underground pipe.

Until 1980, Ponds A-i and A-2 were used for storage and evaporation of laundry

water. Pond A-3 receives the North Walnut Creek stream flow and runoff from the

northern portion of the Plant. Pond A-4 is designed for surface water control and for

additional storage capacity for overflow from Pond A-3. Discharges from Pond A-4

(discharge point 005) and Pond A-3 (discharge point 002) are in accordance with the

NPDES permit.

.
PAGE 6-6
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The discharges from the ponds are regularly monitored to document

. compliance with NPDES permit requirements. In addition to NPDES monitoring

requirements, all discharges are monitored for plutonium, americium, uranium, and

tritium concentrations.

.

6.1.1 Surface Water Flow--North Walnut Creek

As part of the initial Site characterization, during August 1986 (Rockwell

International, 1986a), flow rates were measured in all of the site natural drainages

and ditches using a portable cut-throat flume and the Parshall flumes used for

NPDES monitoring. The results of flow rate measurements for North Walnut Creek

are presented in Table 6-2 and discussed below. Flow rates were not measured during

1987 surface water sampling. Flow in North Walnut Creek is dependent upon water

control management, surface water runoff, and influx from ground water.

Of the seven surface water stations (Plate 6-1) along the North Walnut Creek

drainage, only SW-17 (upstream of Pond A-I) and SW-18 (371 tributary) had

measurable flow rates of 4.6 gallons per minute (gpm) and 1.6 gpm, respectively, in

August 1986 . Stations SW-7, SW-8, SW-9, and SW-i 1 (in upper Walnut Creek) and SW-

16 (downstream of Pond A-4) were not flowing in August 1986. The increased flow

at SW-17 is probably due to additional influx of ground water and footing drain

flows associated with the Solar Evaporation Ponds. The flow rate at SW-3 (below

North and South Walnut Creek confluence) was 138 gpm. This flow rate is due to a

retention pond discharge along the Walnut Creek drainage system.
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S	 TABLE 6-2

SURFACE WATER FLOW RATES
AUGUST 1'986

	

Station	 Measurement Flow Rate Flow Rate

	

Number	 Date	 (cfs)	 (gpm)

SW-7	 8-11-86	 0.0000	 WWI

SW-8	 8-11-86	 0.0000	 0.0

SW-9	 8-11-86	 0.0000	 0.0

SW-11	 8-11-86	 0.0000	 0.0

SW-18	 8-12-86	 0.0036	 1.6

.

	
SW-17	 8-12-86	 0.0102	 4.6

SW-16	 8-12-86	 0.0000	 0.0

SW-3	 8-20-86	 0.3074	 138

. SOLAR POND CLOSURE CHARACTERIZATION REPORT
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6.1.2 Water Quality--North Walnut Creek

Surface water samples collected in August 1986 and July and November 1987,

were analyzed for HSL volatile organics, semi-volatiles, pesticide/PCB's, major

inorganic ions, metals and radionuclides (Table 6-3). Those analytes exceeding

detection limits are presented in Tables 6-4 through 6-7. The tables indicate detection

limits for the analytes as well as the surface water quality criteria for comparative

purposes.

In general, for the ponds and surface water stations where water was present,

HSL volatile organics are either not detectable, at estimated values below detection

limits, or suspect because of laboratory blank contamination. Methylene chloride was

present at SW-18 at 22 ugh, but the significance of this observation cannot be

determined without further data. Additionally, no pesticide/PCB compounds were

above laboratory detection limits, and, with the exception of N-Nitrosodiphenylamine,

semivolatiles were not above detection limits. N-Nitrosodiphenylamine was detected

at 300 ug/l in 1986 samples collected from Ponds A-I (SW-Al) and A-4 (SW-A4). The

occurrence of this compound cannot be related to ground water or soils in the area

and appears to reflect laboratory contamination. The major ions, chloride and

sulfate, did not exceed surface water quality criteria, nor did radionuclide

concentrations.

SW-18, located in the 371 tributary, was the farthest upstream station that had

flow in 1986. SW-18 flows into North Walnut Creek north of the Solar Pond area.

Radionuclide concentrations exceed laboratory detection limits but did not exceed

surface water quality criteria. However, iron (2.17 mg/I) and manganese (0.41 mg/I)
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TABLE 6-3

SURFACE WATER SAMPLE INFORMATION
SOLAR POND SURFACE WATER SAMPLES

SAMPLE INFORMATION	 LABORATORY BATCH NUMBERS

Station	 Conduct	 Temp.	 Volatile	 Semi-VoLatiLe	 Pesticides

Number	 Number	 Date	 pH (utho/cm) (deg C) Organics 	 Organics	 and PCB's	 Metals	 Inorganics	 Radiochemistry

SW03	 SW03088600	 08/20/86 6.80	 350	 20.0 8608-044-021	 8608-044-004	 8608-044-004	 8608-044-022	 8608-044-023	 1000-000-369

SW16	 DRY	 08/12/86

SW17	 5W17088600	 08/12/86 6.00	 700	 17.0 8608-024-001	 No Sample	 8608-672-007	 8608-024-003	 8608-024-004	 1000-000-371

5W18	 SW18088600	 08/22/86 7.40	 28	 19.0 8606-056-006 8608-056-002	 8608-056-002	 8608-056-007	 8608-056-008	 1000-000-373

SWA1	 SWA1088600	 08/14/86 8.30	 827	 22.0 8608-029-001	 8608-055-001	 8608-055-001	 8608-029-003	 8608-029-004	 1000-000-391

SWA2	 SWA2088600	 08/14/86 8.50	 1500	 22.0 8608-029-007 8608-055-002	 8608-055-002	 8608-029-009	 8608-029-010	 1000-000-393

SWA3	 SWA3088600	 08/14/86 6.90	 816	 25.0 8608-029-013 8608-055-003	 8608-055-003	 8608-028-015	 8608-028-016	 1000-000-394

SWA4	 SWA4088600	 08/14/86 7.00	 318	 22.0 8608-029-019 8608-055-004	 8608-055-004	 8608-029-021	 8608-029-022	 1000-000-395

SWB1	 SW81088600	 08/16/86 8.40 3498

SW82	 SW82088600	 08/15/86 9.50	 475

SW83	 SW83088600	 08/15/86 6.90	 370

SW84	 SWB4088600	 08/15/86 7.00	 550

SWB5	 SW85088600	 08/18/86 8.00	 367

	

21.0 8608-033-001	 8608-057-006	 8608-053-006	 8608-033-002	 8608-033-003	 1000-000-396

	

26.0 8608-033-006 8608-057-001	 8608=053-001	 8608-033-007	 8608-033-008	 1000-000-398

	

23.0 8608-033-011	 8608-057-002	 8608-053-002	 8608-033-012	 8608-033-013	 1000-000-399

	

24.0 8608-033-016 8608-057-003	 8608-053-003	 8608-033-017	 8608-033-018	 1000-000-400

	

28.0 8608-036-037 8608-058-002	 8608-058-002	 8608-036-039	 8608-036-040	 1000-000-401

C-

0



I
C) r
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0
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0 

I

OD
OD
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TABLE 6-4

VOLATILE ORGANIC CONCENTRATIONS
IN SURFACE WATER

(ug/1)

Station	 1,1-DCE	 t1,2-DCE	 CHC( 3	1,2-DCA 1,1,1-TCA	 CC 1 4
ICE 11,2-TCA	 PCE	 Acetone	 Med

Water Quality

Criteria 	 NS	 100	 5	 200	 5	 5	 NS	 WS	 NS	 MS

SW- 18
	

<511
	

<5U
	

<5U
	

<511
	

<SU	 <511	 2**	 <5U	 <511	 5b22

SW- 17
	

<511
	 3**	 <su	 '5u	 <SU	 <5U	 <5U	 <5U	 <10	 <5

A-i
	

<511
	

<5U
	

<511
	

<511
	

<511	 <5U	 <5U	 <5U	 <5U	 3b

A-2
	

<5u
	

<511
	

<511
	

<511
	

<511	 <5U	 <511	 <5U	 <511	 3b	
2**

A-3
	

<5U
	

<511
	

<511
	

<511
	

<5U	 <5u	 <511	 <511	 <5U	 4	 4**

I-

A-4
	

<511
	

<5U
	

<511
	

<5u
	

<511	 <SU	 <511	 <511	 <5U	 7b	
<

SW-3
	

<5U
	

<5U
	

<511
	

<511
	

<511	 <511	 <5U	 <5U	 <511	 <10	 <5

1	
Water Quality Criteria presented in Section 6.0, Table 6-1.

til
0

U	 Signifies the detection Limit.

**	 Estimated value, detected but below detection limit.

b	
Compound also detected in the blank.



STATION

Water Quality

Criteria1

SW-18

SW-17

A-i

A-2

A-3

A-4

SW-03

I-
I-

r

(0

I
OC

10 t

0
o

tTir

o

I

aa
)

	

. . 	 S
TABLE 6-5

MAJOR ION CONCENTRATIONS AND OTHER PARAMETERS
FOR SURFACE WATER (mg/1)

Ca
	

K	 Mg	 Na	 NO 	 HCO3	 CO 	 Cl.	 CM	 PO4	 so 	 lOS

	

10	 250	 0.200	 250	 500

130	 3.1	 29	 37	 <5U	 12	 290	 29	 <0.005U	 1.7	 58	 439

85.5	 26.4	 24.2	 53.2	 17.2	 NA	 NA	 51	 <0.001U	 NA	 94	 530

26.9	 36.9	 10.8	 104	 <5U	 NA	 NA	 82	 <0.001U	 NA	 53	 534

86.1	 72.7	 20.3	 193	 <5U	 NA	 NA	 156	 <0.0013U	 NA	 212	 1070

27.4	 47.1	 14.6	 67.1	 <5U	 NA	 NA	 69	 <0.0013U	 NA	 152	 507

16.4	 15.5	 4.55	 14.8	 <5U	 NA	 NA	 21	 <0.001U	 NA	 30	 279

47.5	 <0.100	 6.0	 23.2	 <5U	 NA	 NA	 15	 <0.005U	 NA	 39	 180

U Signifies the detection Limit. NA = Not Analyzed

1 Water Quality Criteria presented in Section 6.0, Table 6-1

0



S
TABLE 6-6

METAL CONCENTRATIONS IN SURFACE WATER
(mg/1)

S S
0 or

cI(
10 t

0

tE

0'
0!

STATION	 AL	 As	 Ba	 Be	 Cr	 Cu	 Fe	 Hg	 Mn	 Mo	 Pb	 Se	 Sr	 It	 V	 Zn

Water QuaLity

Criteria 
1	 0.95	 .05	 1.0	 .1	 .05	 1.0	 .3	 .002	 .05	 NS	 .05	 .01	 NS	 .015	 NS	 5.0

<0.100U <0.1001J <0.100U <0.00511 <0.01011 <0.02011 	 2.17	 <0.000211	 0.41	 <0.10tj <0.005U <0.00511 0.64 <0.010u <0.05011 <0.020U

<O.lOOu <0.001U	 0.340	 <0.00511 <0.005U <0.020U <0.030U 	 0.0008	 0.660	 <0.10(j <0.00511	 0.0016 0.76	 0.029	 <O.OSOtJ	 0.090

0.150	 0.00211	 0.150	 <0.00511	 0.009	 <0.020tj	 0.080	 <0.0002U <0.010tJ <0.1W <0.005U <0.0021i 0.20 <0.010U <0.05011 	 4.21

0.580	 0.002	 0.170 <0.00511 0.022	 <0.02011 0.240	 0.0014	 0.080	 <0.1011 <0.005U <0.00211 0.36 0.015 	 <0.005U 4.2

<0.10011 <0.00111 0.150 <0.00511 0.0091 <0.020U <0.030U 0.00081	 0.240	 <0.1W 0.006 <0.00211 0.34 <0.01011 <0.05011 0.040

<0.10011 <0.00111 0.120	 <0.005U 0.010	 <0.020u <0.03011 <0.000211 0.020 	 <0.1W	 0.008	 <0.00211 0.15 <0.010U <0.05011 0.040

<0.100U <0.00211 <0.100U 0.090 	 <0.010u	 0.030	 <0.07511 <0.0002u	 0.020	 0.300 <0.010U <0.00211 0.36 <0.01011	 0.313	 0.300

SW-18
ON

SW-17
O

tj	 A-i

0

A2

A-3

OD

I-
L.

SW-3

U signifies the detection Limit.

The following metals were not detected: A9(0.010U), Cd (0.00511), Co (0.05011), Cs (0.100U), Ni (0.04011), and Sb (0.020LJ).

1	
Water Quality Criteria presented in Section 6.0, Table 6-1.

0

I-



.	 TABLE 6-7

RADIONUCLIDE CONCENTRATIONS IN SURFACE WATER
(pci/i)

STATION	 GROSS ALPHA	 GROSS BETA	 PLUTONIUM	 AMERICIUM	 U234	 U238	 TRITIUM

Water Qua(ity

Criteria'	 15	 50	 40	 4	 40	 40	 20000

	1.9(0.5)	 1.4(0.5)	 -0.03(0.05)	 0.04(0.04)	 0.07(0.21)

	

0.0(0.03)	 0.0(0.02)	 3.3(0.4)	 2.9(0.4)	 0.19(0.22)

	

0.24(0.14) 0.02(0.03)	 1.4(0.3)	 1.3(0.2)	 0.16(0.22)

	

0.17(0.06) 0.05(0.04)	 6.4(0.7)	 5.8(0.7)	 0.09(0.22)

	

0.03(0.06) 0.01(0.02)	 3.0(0.4)	 2.1(0.3)	 0.03(0.22)

	

0.0(0:07) 0.05(0.04)	 0.81(0.19)	 0.49(0.16)	 0.10(0.22)

	

-0.04(0.17) 0.02(0.03)	 0.63(0.22)	 0.60(0.20)	 -0.09(0.24)

SW-la
	

4(5)
	

2(4)

SW . 17
	

6(10)
	

4(5)

A-1
	

10(9)
	

12(5)

A-2
	

7(14)
	

23(8)

A-3
	

18(10)
	

14(5)

A-4
	

2(2)
	

5(2)

.

	
SW-03
	

2(3)
	

3(3)

*	 Units pCi/i
Parentheses indicate 2 standard deviation error

Water Quality Criteria presented in Section 6.0, Table 6-1
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.

did exceed surface water quality criteria. SW-18 is not impacted by the Solar

Evaporation Ponds but may impact downgradient surface water stations.

SW-17, located due north of the Solar Evaporation Ponds in Woman Creek, had

metal and total dissolved solid (TDS) concentrations that were elevated with respect

to surface water quality criteria. The TDS concentration was 530 mg/I, with

dominant ions of calcium, sodium, chloride, and sulfate. Manganese and thallium

were the metals exceeding their respective water quality criteria. Radionuclides did

not exceed surface water quality criteria.

The major differences between surface water quality at SW-18 and SW-17 are

noted by elevated concentrations of potassium, sodium, sulfate, chloride, nitrate,

barium, thallium, and uranium at SW-17 relative to SW-18. These analytes are

elevated in alluvial ground water in the vicinity of SW-17, suggesting this reach of

North Walnut Creek is recharged to some extent by ground water. Furthermore, the

potentiometric surface maps indicate ground-water flow toward the drainage and the

water table is at or near the stream elevation.

As mentioned, Pond A-i and Pond A-2 are downgradient of SW-17 but are

isolated from the main flow of the drainage. These ponds are zero discharge spill

control units. TDS exceeds the water quality criteria in both Pond A-i (534 mg/l)

and Pond A-2 (1070 mg/1). Manganese (0.080 mg/I) in Pond A-2 also exceeded the

water quality criteria. In general, the elevated concentrations of potassium, sodium,

chloride, and sulfate (Pond A-2 only) suggest recharge of these ponds by alluvial

ground water. Also, the potentiometric surface of alluvial ground water is at or near

the pond's water elevations. However, nitrate is conspicuously absent in the ponds

. SOLAR POND CLOSURE CHARACTERIZATION REPORT
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and zinc is significantly elevated (4.2 mg/i in both ponds) relative to alluvial

0	 groundwater.

The absence of nitrate may be due to uptake by plants and algae in the ponds,

and the elevated zinc may be characteristic of the laundry effluent historically

discharged to the ponds. The extent to which there is ground-water influx to Ponds

A-1 and A-2 is unknown.

Pond A-3 (SW-A3) receives Walnut Creek flow and possible ground-water

influx from the northeast, as indicated by the potentiometric surface of the ground

water. As expected, water quality at Pond A-3 is very similar to that at SW-17. TDS

(507 mg/I) and manganese (0.240 mg/l) are the only analytes exceeding the water

quality criteria. Again, the absence of nitrate may be due to nitrate uptake by plants

and algae. However, maximum nitrate concentrations from the NPDES monitoring

data (1980-1985, NPDES discharge point #002) exceeded the water quality criteria.

Maximum concentrations were 16, 11, and 11 mg/l for the years 1980, 1984, and 1985,

respectively. It is noted, however, that the average nitrate concentrations over the

same period range from 4 to 8 mg/l falling below the 10 mg/l water quality criteria.

This is in compliance with NPDES Permit Requirements. The nitrate values are

likely reflective of influence of upgradient alluvial ground water flowing to the

north-northeast from the Solar Evaporation Ponds into the North Walnut Creek

drainage as discussed in Section 5.2.1.2.

Pond A-4 receives overflow from Pond A-3. In general, concentrations found

in A-4 are less than respective compound concentrations in A-3. Concentrations of all

analytes were below the water quality criteria. Pond A-4 discharges are also in

accordance with the Plant's NPDES permit. Historical data from NPDES permit

. SOLAR POND CLOSURE CHARACTERIZATION REPORT
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sampling show a slight increase in nitrate for the period 1982 (2.5 mg/l) to 1985 (4.5

S mg/1). These concentrations probably reflect elevated nitrate discharges to Pond A-4

from Pond A-3. Lower analyte concentrations in Pond A-4 relative to Pond A-3 may

be due to dilution of the discharges to Pond A-4 by local runoff.

The farthest downstream surface water station on Plant site that had flow in

August 1986 is SW-3 at Indiana Street. Major ions, metals, and radionuclides (Table 6-

8) were all below surface water quality criteria. The trace metal vanadium was

detected at 0.313 mg/l. The absence of detectable vanadium upstream renders this

data point a possible outlier.

6.1.3 Summary

Analytes exceeding water quality criteria in North Walnut Creek include

manganese, thallium, iron and TDS. Manganese exceeded water quality criteria at

L SW-18 and SW-17 and Ponds A-2 and A-3; thallium exceeded criteria at SW-17 and

iron at SW-18. TDS exceeded the water quality criterion at SW-17 and Ponds A-i, A-

2, and A-3. The highest concentration of each of these analytes occurs in Pond A-2

and may reflect residual contaminants from past usage to store laundry effluents.

Ponds A-i and A-2 are currently used for spill control and do not discharge to the

North Walnut Creek drainage. Water loss from the ponds is through natural

evaporation which is enhanced by spraying water through fog nozzles over the

surface of the ponds. At Pond A-3, TDS and manganese exceeded the water quality

criteria. However, discharges from this pond are in compliance with the Plant's

NPDES Permit. Furthermore, at the most downgradient station (SW-3 at Indiana

Street), all analyte concentrations are below the water quality criteria.
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TABLE 6-8

PLUTONIUM, URANIUM, AMERICIUM, AND TRITIUM CONCENTRATIONS

SW-3, WALNUT CREEK AT INDIANA

Radionuclides	 1976	 1977	 1987	 1979	 1980	 1981	 1982	 1983	 1984	 1985	 1986	 1987

(54)

Plutonium

C MIN

CMAX

CAVG

Uranium**

CMIN

CMAX

CAVG

Americium

CMIN

CMAX

CAVG

Tritium

CMIN

CMAX

CAVG

0.105	 <0.1

1.603	 3.8

0.529	 <0.3

1.523	 0.2

7.087	 8.1

3.754	 1.5

0.007	 <0.1

0.742	 0.8

0.197	 <0.1

(52)

<500	 526	 <500

2160	 1873	 1400

<1098	 919	 <900

<0.008	 0.00+0.01	 0.03+0.03	 0.02+0.01	 0.02+0.01	 0.01+0.05	 0.01+0.02

<0.1	 0.07+0.04	 0.07+0.04	 0.06+0.04	 0.05+0.02	 0.08+0.01	 0.05+0.01

<0.03	 0.020+0.004	 0.013+0.003	 0.014+0.007	 0.015+0.003	 0.018+0.020	 0.013+0.001

0.0	 1.2+0.1	 0.3+0.13	 0.04+0.03	 0.01+0.07	 0.3+0.15	 0.0+0.1

14+3	 11.9+0.3	 11.1+0.93	 0.6+0.2	 7.8+0.8	 8.3±0.85	 11±1

<6.0	 7.6+0.1	 5.0+0.13	 4.0+0.1	 4.10+0.06	 3.96±0.07	 5.6+0.12

<0.002	 -0.01+0.01	 -0.05+0.05	 0.04+0.05	 -0.063+00.003 -0.050.05	 0.01+0.02

<0.1	 0.08+0.07	 0.08+0.07	 0.06+0.09	 0.14+0.04	 0.05±0.06	 0.04+0.06

<0.03	 0.011+0.004	 0.011+0.005	 0.007+0.004	 0.010+0.003	 0.013+0.003	 0.007+0.004

<400	 -300±500	 -400±600	 -900+900	 -400+400	 900±1100	 300+400

1300+600	 1000+500	 900+500	 1100±700	 800+7001	 700+700	 700+4002

<700	 -100+100	 -100+100	 200+100	 200±100	 100+100	 200+1002

** Total uranium	 -

Ref. Rockwell International, 1977, 1978, 1979, 1980, 1981a, 1982a, 1983a, 1984a, 1985, 19869, 1987a



S

r

It is concluded that degradation of surface water quality in North Walnut Creek is

due, in part, to recharge by alluvial ground water in the vicinity of the solar ponds,

particularly at SW-17. However, containment of the flow by Pond A-3 and Pond A-4

with attendant reduction in analyte concentrations by natural processes, renders the

quality of the water leaving the Plant site acceptable with respect to the water

quality criteria established here.

6.2 SOUTH WALNUT CREEK

South Walnut Creek is an eastward flowing stream located to the east of the

Solar Pond Area. South Walnut Creek receives surface water run-off from the central

portion of the Plant site. The Plant surface water drainage pattern (Figure 6-1)

indicates surface water drainage from the area south and southeast of the 207B Ponds

flowing in a southeasterly direction toward South Walnut Creek. However, the

drainage pattern also indicates runoff from the Mound and 903 Pad Areas located to

the south of the Solar Evaporation Ponds would contribute significantly to flow in

South Walnut Creek.

The potentiometric surface maps (Plates 5-5 to 5-10) indicate some component

of ground-water flow in a south, southeast direction from Pond 207-B toward the

South Walnut Creek drainage. However, this is not continuous as wells to the

southeast of the 207-B Ponds are frequently dry. The discussion in the 903 Pad,

Mound, and East Trenches Areas Remedial Investigation Report (Rockwell

International, 1987b) attributes most of the surface water contamination in South

Walnut Creek to the Mound and 903 Pad Areas. For the above reasons, it is not felt

that the Solar Evaporation Ponds are contributing to South Walnut Creek

contamination.
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